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Summary

CCL19 and CCL21 and their receptor CCR7 are expressed constitutively
within lymphoid organs, regulating lymphocyte homing. Recent studies
suggest that these chemokines may have inflammatory properties. We hypoth-
esized a role of CCL19/CCL21 in human immunodeficiency virus (HIV)
infection by promoting inflammation. We examined the expression of CCL19
and CCL21 in mononuclear cells from peripheral blood mononuclear cells
(PBMC) and bone marrow mononuclear cells (BMMC) in HIV-infected
patients before and during highly active anti-retroviral therapy (HAART). We
also examined the ability of CCL19/CCL21 to promote inflammatory
responses in these patients. PBMC from untreated HIV-infected patients
(n = 29) released enhanced levels of CCL19 spontaneously compared with
cells from controls (n = 20), particularly in those with symptomatic disease
(n = 15, P < 0·01 versus controls). During HAART (n = 9), there was a
decrease in the spontaneous CCL19 release and an increase in the
phytohaemagglutinin-stimulated CCL19 release in both PBMC (P < 0·01)
and BMMC (P < 0·05). In patients with enhanced HIV replication there was
an increased proportion of inflammatory CD8+CCR7-CD45RA- T cells in
peripheral blood [P < 0·01 and P < 0·05 versus controls, untreated (n = 9) and
treatment failure (n = 8), respectively]. In vitro, CCL19/CCL21 promoted an
inflammatory response in PBMC when accompanied by high viral load, irre-
spective of HAART. The HIV-tat protein significantly boosted the inflamma-
tory effect of CCL19/CCL21 in PBMC. These findings link a dysregulated
CCL19/CCL21/CCR7 system in HIV-infected patients to persistent inflamma-
tion and HIV replication, not only in untreated HIV infection, but also in
treatment failure during HAART.
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Introduction

Chemokines are known as regulatory molecules in leucocyte
maturation, lymphocyte homing and the development of
lymphoid tissues [1,2]. Some of these chemokines may be
protective in human immunodeficiency virus (HIV)-
infected individuals by their ability to block HIV entry into T
cells and macrophages through the HIV co-receptors
CXCR4 and CCR5 [3,4]. However, HIV infection is charac-
terized by persistent immune activation that contributes to
immunodeficiency. Based on their potent inflammatory
properties, chemokines could also have harmful effects in
HIV-infected individuals [5].

In contrast to inflammatory chemokines, the homeostatic
chemokines such as CCL19 and CCL21 and their cognate
receptor (i.e. CCR7) are expressed constitutively within
secondary lymphoid tissue, regulating lymphocyte and
dendritic cell (DC) homing [6,7]. Recent studies suggest
that these chemokines also could promote inflammatory
responses [8,9]. In fact, CCL19, CCL21 and CCR7 have been
implicated in the pathogenesis of various inflammatory and
infectious disorders (e.g. atherosclerosis, viral hepatitis and
influenza) [10–12].

There are some studies on CCL19/CCL21/CCR7 expres-
sion during HIV infection. CCL19 and CCL21 have
been reported to contribute to persistent HIV infection in
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secondary lymphoid tissue by promoting viral replication in
activated T cells as well as facilitating infection of resting
CD4+ T cells and establishing viral latency [13]. Moreover,
Choi et al. have reported altered CCL19 and CCL21 expres-
sion in the simian immunodeficiency virus (SIV)/macaque
model, potentially promoting alterations in the networks of
antigen-presenting cells in lymphoid tissues, contributing
ultimately to systemic immunodeficiency [14]. Furthermore,
we have recently shown increased serum levels of CCL19 and
CCL21 in relation to disease progression in HIV-infected
patients, and during highly active anti-retroviral therapy
(HAART) a decrease in CCL19/CCL21 levels was restricted
to virological responders [15]. However, there are no data on
CCL19/CCL21 regulation at the cellular level in HIV-
infected patients. Moreover, while the role of CCL19 and
CCL21 in lymphocyte homing has been studied extensively,
the ability of these chemokines to promote inflammatory
responses in HIV-infected individuals is far from clear.

To elucidate further the role of CCL19 and CCL21 in HIV
infection we examined the expression of these chemokines at
the cellular levels in mononuclear cells from peripheral
blood and bone marrow aspirates both before and during
HAART. We also examined the ability of CCL19 and CCL21
to promote inflammatory responses in HIV-infected
patients in relation to ongoing HIV replication.

Materials and methods

Patients and control subjects

Twenty-nine HIV-infected patients were included in a cross-
sectional study where none of the patients received HAART
{18 males and 11 females, 30 � 6 years [mean � standard
error of the mean (s.e.m.)]}. Fourteen HIV-infected patients
were classified as asymptomatic [Centers for Disease Control
and Prevention (CDC) group A; CD4+ T cell count,
485 � 55 ¥ 106/l; CD8+ T cell count, 1004 � 85 ¥ 106/l; HIV
RNA level, 110 � 35 ¥ 103 copies/ml plasma (mean �

s.e.m.)] and 15 as symptomatic [10 in CDC group B and five
in CDC group C; CD4+ T cell count, 95 � 45 ¥ 106/l; CD8+ T
cell count, 450 � 64 ¥ 106/l; HIV RNA level, 755 � 76 ¥ 103

copies/ml plasma (mean � s.e.m.)]. For comparison, blood
samples were also collected from 20 sex- and age-matched
healthy controls. A subgroup of nine patients from the cross-
sectional study was also followed during HAART with
samples taken before and 4 and 26 weeks after initiation of
therapy.

In another substudy, examining CCR7 expression and the
effect of CCL19/CCL21, blood samples were collected from
HIV-infected patients before initiating HAART (n = 9),
HIV-infected patients on successful HAART (HIV RNA < 40
copies/ml, n = 10), HIV-infected patients with virological
treatment failure (HIV RNA > 5000 copies/ml, n = 8) and
healthy controls (n = 9), although not all experiments could
be performed in all individuals.

Informed consent for sampling was obtained from all
subjects. All parts of the study were conducted according to
the ethical guidelines at our hospital in conformity with the
Helsinki declaration, and approved by the local ethical
committee.

Bone marrow culture

Heparinized bone marrow samples were obtained by aspira-
tion from the posterior iliac crest, and bone marrow mono-
nuclear cells (BMMC) were prepared by density gradient
centrifugation (Lymphoprep; Nycomed Pharma, Oslo,
Norway). BMMC were incubated in flat-bottomed 96-well
trays (2 ¥ 106/ml; Costar, Cambridge, MA, USA), in medium
alone [RPMI-1640 with 2 mM L-glutamine and 25 mM
HEPES buffer (Gibco, Paisley, UK) supplemented with 10%
fetal calf serum (FCS; Sigma, St Louis, MO, USA)] or stimu-
lated with phytohaemagglutinin (PHA; final dilution 1:100;
Murex, Dartford, UK). The concentration of PHA was based
on previous dose–response experiments (data not shown).

PBMC culture

PBMC, obtained from heparinized blood by density gradient
centrifugation (Lymphoprep; Nycomed Pharma), were incu-
bated in flat-bottomed 96-well trays (2 ¥ 106/ml; Costar) in
medium alone [RPMI-1640 with 2 mM L-glutamine and
25 mM HEPES buffer (PAA Laboratories, Pasching, Austria)
supplemented with 10% FCS (PAA Laboratories)] or stimu-
lated with CCL19 (100 ng/ml; R&D Systems, Minneapolis,
MN, USA), CCL21 (100 ng/ml; R&D Systems), PHA (final
dilution 1:100; Murex), recombinant HIV-1 tat protein
(HIV-tat; 1 mg/ml; ImmunoDiagnostics, Woburn, MA,
USA), recombinant HIV-1 gp120 protein (HIV-gp120;
1 mg/ml; ImmunoDiagnostics) and recombinant HIV-1 p24
protein (HIV-p24; 1 mg/ml; ImmunoDiagnostics).

Separation and stimulation of CD8+ T cell subsets

Separation of CD3+CD8+CCR7+CD45RA+, CD3+CD8+

CCR7-CD45RA+, CD3+CD8+CCR7+CD45RA- and CD3+

CD8+CCR7-CD45RA- T cells from freshly isolated PBMC
were performed by staining with fluorescein isothiocyanate
(FITC)-conjugated anti-CD3, peridinin chlorophyll protein
(PerCP)-conjugated anti-CD8, allophycocyanin (APC)-
conjugated anti-CD45RA (all from Becton Dickinson, San
Diego, CA, USA), and phycoerythrin (PE)-conjugated anti-
CCR7 (R&D Systems), with subsequent use of a fluorescence
activated cell sorter (FACS)Diva cell sorter equipped with
the FACSDiva software (Becton Dickinson). The CD8+ T cell
subsets were resuspended in RPMI-1640 with 2 mM
L-glutamine and 25 mM HEPES buffer (Gibco), sup-
plemented with 10% FCS (Sigma) and incubated in
flat-bottomed 96-well plates (106/ml; 0·2 ml/well; Costar).
The cells were stimulated with immunomagnetic beads
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pre-coated with anti-CD3 and anti-CD28 (Dynabeads, CD3/
CD28 T Cell Expander, cat. no. 11131D; Dynal, Oslo,
Norway) at a cell-to-bead ratio of 1:1. In all in vitro experi-
ments (BMMC, PBMC and CD8+ T cell subsets), cell-free
supernatants were harvested at different time-points and
stored at –80°C until analysis.

Flow cytometry

Cryopreserved PBMC were thawed as described previously
[16,17]. Staining was performed using FITC-conjugated
anti-CD3, PerCP-conjugated anti-CD4 and anti-CD8, and
APC-conjugated anti-CD45RA (all from Becton-Dickinson)
and PE-conjugated anti-CCR7 (R&D Systems). Isotype con-
trols were used as appropriate. Flow cytometry was per-
formed using a FACSCalibur instrument equipped with the
CellQuest software (Becton Dickinson).

Cytokine measurements

Concentrations of CCL19, CCL21 tumour necrosis factor
(TNF)-a, and interferon (IFN)-g in supernatants from
PBMC and BMMC (CCL19 and CCL21) were measured by
enzyme immunoassays (R&D Systems). Cytokine levels in
CD8+ T cell subset supernatants were measured by multiplex
suspension array technology using the BioPlex (Bio-Rad,
Hercules, CA, USA). TNF-a and IFN-g multiplexable beads
were purchased from R&D Systems. The quantification
was accomplished by using the BioPlex Manager Software
(Bio-Rad).

HIV RNA quantification

HIV RNA levels were measured by quantitative reverse poly-
merase chain reaction (Amplicor HIV Monitor; Roche Diag-
nostic Systems, Branchburg, NJ, USA; detection limit 40
copies/ml plasma).

Statistical analysis

In this study we were looking for rather large differences
(> 50% changes), and based on previous studies from our
group on inflammatory markers in HIV infection a sample
size as in the present study would be adequate. For compari-
sons of two groups of individuals, the Mann–Whitney U-test
was used. When more than two groups were compared, the
Kruskal–Wallis test was used. If a significant difference was
found, the Mann–Whitney U-test was used to determine the
differences between each pair of groups. The Wilcoxon
signed-rank test was used for comparison of paired data.
Coefficients of correlation were calculated by Spearman’s
rank test. Probabilities are two-sided and considered to be
significant when P < 0·05.

Results

CCL19 and CCL21 levels in PBMC

We first examined the release of CCL19 and CCL21 in
un-stimulated PBMC from 29 treatment-naive HIV-infected
patients and 20 healthy controls. As shown in Fig. 1, PBMC
from untreated HIV-infected patients released significantly
enhanced levels of CCL19 spontaneously compared with
cells from healthy controls, correlated significantly with
CD4+ T cell counts (r = -0·45, P < 0·05) and viral load
(r = 0·57, P < 0·05) in these patients. In contrast, CCL21 was
not detected in PBMC supernatants from either patients or
controls.

CCL19 and CCL21 in PBMC and BMMC during
HAART

Nine of the HIV-infected patients were followed during
HAART with blood and bone marrow samples taken before
and 4 and 26 weeks after initiating therapy. At baseline, the
spontaneous release of CCL19 was increased and the PHA-
stimulated release of CCL19 was decreased in HIV-infected
patients compared with healthy controls in both PBMC and
BMMC (Fig. 2). During HAART, this pattern was at least
partly reversed. Thus, along with the decrease in viral load
and increase in CD4+ T cell counts (data not shown),
HAART induced a decrease in the spontaneous CCL19
release and an increase in the PHA-stimulated CCL19 release
in both PBMC and BMMC (Fig. 2). Similar to PBMC,
CCL21 was not detected in BMMC in either patients or
controls.
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Fig. 1. The spontaneous release of CCL19 in peripheral blood

mononuclear cells (PBMC). The spontaneous release of CCL19 in

PBMC was assessed by enzyme immunoassay after culturing for

20 h in 20 healthy controls and in 29 treatment-naive human

immunodeficiency virus (HIV)-infected patients; 14 with

asymptomatic (CDC group A) and 15 with symptomatic (10 in CDC

group B and five in CDC group C) HIV infection. *P < 0·05 and

**P < 0·001 versus controls. #P < 0·05 versus asymptomatic HIV

infection. Data are mean � standard error of the mean.
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Expression of CCR7 in HIV infection

To characterize further the CCL19/CCL21 system in HIV
infection, we examined the expression of their correspond-
ing receptor, CCR7, by flow cytometry in PBMC from HIV-
infected patients before initiating HAART (n = 9), HIV-
infected patients on successful HAART (HIV RNA < 40
copies/ml, n = 9), HIV-infected patients with virological
treatment failure (HIV RNA > 5000 copies/ml, n = 8) and
healthy controls (n = 9). While there were no differences in
the expression CCR7 in monocytes between HIV-infected
patients and controls, the percentage of CCR7 expressing T
cells was decreased significantly in HIV-infected patients
with high viral load, irrespective of ongoing HAART (data
not shown). Further subanalyses showed that this decrease in
the percentage of CCR7+ T cells was seen primarily in the
CD8+ T cell subset, reflecting a decreased proportion of
CCR7 expressing CD8+CD45RA+ T cells (Fig. 3a–d), with no
changes in the proportion of CCR7+ CD4+ T cells (data not
shown). Consequently, HIV-infected patients with high viral
load, irrespective of ongoing HAART, showed an increased
proportion of CD8+CCR7-CD45RA- T cells, thought to rep-
resent effector memory cells (Fig. 3D).

Cytokine profile in CD8+ T cell subsets

HIV-infected patients with high viral load were character-
ized by an increased proportion of CD8+CCR7-CD45RA- T
cells on the cost of a decrease in CD8+CCR7+CD45RA+ T

cells. In an attempt to elucidate any immunological conse-
quences of this pattern, we examined the cytokine profile in
these two CD8+ T cell subsets. Unfortunately, we were not
able to isolate these subsets (cell sorter) from HIV-infected
patients, and accordingly, this experiment was performed
only in healthy individuals (n = 4). Anti-CD3/anti-CD28-
activated CD8+CCR7-CD45RA- T cells released large
amounts of TNF-a and IFN-g compared with CD8+

CCR7+CD45RA+ T cells, suggesting that the subpopulation
that dominates within the CD8+ T cell subset in HIV-
infected individuals with high viral load represents an
inflammatory phenotype (Fig. 3e and f). The other
CD8+CD45RA- subset (CD8+CCR7+CD45RA- T cells) also
released large amounts of TNF-a and IFN-g upon activation
compared with CD8+CD45RA+ cells (Fig. 3e and f).
However, based on the lack of data from HIV-infected
patients, these results should be interpreted with caution.

Effect of CCL19 and CCL21 on cytokine responses
in PBMC

In addition to CCR7- and CCR7+ CD45RA- T cells, CCR7
expressing monocytes may have an inflammatory potential
upon activation [18]. To elucidate further the consequences
of a dysregulated CCL19/CCL21/CCR7 system in HIV-
infected individuals, with and without accompanying high
viral load, we examined the CCL19/CCL21-mediated cytok-
ine response in PBMC from HIV-infected patients with low
viral load (n = 10, HIV RNA < 40 copies/ml, all on HAART),

Fig. 2. The release of CCL19 from

mononuclear cells during highly active

anti-retroviral therapy (HAART). The panels

show the spontaneous (a, b) and

phytohaemagglutinin (PHA)-stimulated (c, d)

release of CCL19 in mononuclear cells from

peripheral blood mononuclear cells (PBMC, left

panels) and bone marrow (BM) aspirates (right

panels) after culturing for 20 h in six healthy

controls and in nine human immunodeficiency

virus (HIV)-infected patients before (baseline)

and at different time-points (weeks) after

initiating HAART. The bold horizontal line

indicates the mean of the observations (PHA

final dilution 1:100).
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HIV-infected patients with high viral load (n = 14, > 5000
HIV RNA copies/ml; seven on HAART with drug resistance
and seven without anti-retroviral therapy), and in PBMC
from healthy controls (n = 8). CCL19, and to a lesser degree
CCL21, promoted a marked increase in TNF-a and IFN-g
release in PBMC from those with high viral load, irrespective
of ongoing HAART, with no (CCL21) or only modest
(CCL19) responses in those on successful HAART (Fig. 4a
and b). While PBMC from healthy controls showed no
release of TNF-a and IFN-g when stimulated with CCL19
and CCL21 alone (Fig. 4a and b), co-stimulation with HIV-
tat protein, but not with HIV-gp120 and HIV-p24 protein
(data not shown), boosted the CCL19- and CCL21-mediated
cytokine response in these cells (Fig. 4c and d).

Discussion

We have previously reported enhanced serum levels of
CCL19 and CCL21 in HIV-infected patients in relation to
disease severity in untreated HIV infection [15]. In the
present study we extend these findings by showing that
HAART-naive HIV-infected patients are characterized by
increased spontaneous and decreased stimulated release of
CCL19 in mononuclear cells from bone marrow aspirates
and peripheral blood, and these changes were reversed at
least partly by HAART. In those with enhanced HIV replica-
tion, changes in CCL19 levels were accompanied by a
decreased proportion of CCR7+ T cells in peripheral blood,
irrespective of ongoing HAART, reflecting primarily an

Fig. 3. Expression of CCR7 in CD8+ T cells

from human immunodeficiency virus

(HIV)-infected patients. The proportion of

different CD8+ T cell subpopulations according

to the expression of CCR7 as assessed by flow

cytometry in HIV-infected patients with high

viral load (VL) before initiating highly active

anti-retroviral therapy (HAART) (HIV

RNA > 5000 copies/ml plasma, high VL, n = 9),

HIV-infected patients with virological treatment

failure (HIV RNA > 5000 copies/ml plasma,

HAART + high VL, n = 8), HIV-infected

patients on successful HAART (HIV RNA < 40

copies/ml plasma, HAART+ low VL n = 9), and

healthy controls (contr. n = 9). *P < 0·05,

**P < 0·01, and ***P < 0·001 versus controls and

those on successful HAART. The lower panels

show tumour necrosis factor (TNF)-a (e) and

interferon (IFN)-g (f) levels in different CD8+ T

cell subpopulations after culturing for 24 h with

or without anti-CD3/anti-CD28 activation (see

Methods). The T cell subpopulations were

obtained from four healthy controls, and the

data are based in two parallel experiments from

these individuals. *P < 0·05 versus unstimulated

cells of the same CD8+ T cell subset. #P < 0·05

versus CD8+CCR7+CD45RA+ T cells. Data are

mean � standard error of the mean (panels

a–f).
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increased percentage of CD8+CCR7-CD45RA- T cells, repre-
senting an inflammatory T cell phenotype. Our in vitro
experiments showed that CCL19 and CCL21 promoted an
inflammatory response in PBMC when accompanied by
high viral load and, again, irrespective of ongoing HAART.
These findings link a dysregulated CCL19/CCL21/CCR7
system in HIV-infected patients to persistent inflammation
and HIV replication, not only in untreated HIV infection but
also in those with treatment failure during HAART.

Previous studies on CCL19/CCL21/CCR7 in HIV infec-
tion have focused upon their role in lymphocyte/DC inter-
actions in secondary lymphoid organs. Desai et al. reported
impaired CCR7 up-regulation on plasmacytoid DC in HIV-
infected infants and adolescents, contributing to immuno-
logical or virological failure [19]. In the SIV/macaque model,
disruption of homeostatic chemokine expression was found
to promote alterations in the networks of antigen-presenting
cells in lymphoid tissues [14]. CCL19 and CCL21 have been
identified as key regulators of homeostatic T cell trafficking
to secondary lymphoid organs, and recent studies suggest
that these chemokines also could promote inflammatory
responses in T cells and macrophages [8,9,18]. Here, we

show that CCL21 and particularly CCL19 induced a marked
increase in TNF-a and IFN-g release in PBMC from HIV-
infected patients with high viral load, irrespective of ongoing
HAART. The fact that HIV-infected patients with high viral
load had a decreased proportion of CCR7 positive T cells
may apparently seem in conflict with this finding. However,
these CCL19/CCL21-mediated responses could potentially
reflect interaction with pre-activated CD8+CCR7+CD45RA-

T cells, demonstrated in the present study to be a major
cellular source of TNF-a and IFN-g within the CD8+ T
cell population. The predominance of the inflammatory
CD8+CCR7-CD45RA- T cell subset in HIV-infected patients
with high viral load might contribute further to enhanced
inflammation in these patients.

In the present study we show that while untreated HIV-
infected patients with immunodeficiency were characterized
by enhanced spontaneous release of CCL19 in mononuclear
cells (MNC) from peripheral blood and bone marrow aspi-
rates, MNC from these patients had an attenuated CCL19
release upon PHA activation. Of note, this pattern seemed, at
least partly, to be reversed during HAART. While a persistent
and enhanced spontaneous release of CCL19 may be

400
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culturing for 72 h. *P < 0·05 and **P < 0·01 versus unstimulated cells. Data are mean � standard error of the mean (panels a–d).
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unfavourable, contributing to persistent inflammation and
tissue damage, the ability to mount a balanced peak response
upon cell activation might be beneficial, contributing to
functional networks of antigen-presenting cells and T cells in
lymphoid and peripheral tissues. We believe that this pattern
of enhanced spontaneous and decreased stimulated response
in MNC is part of the immune dysregulation characterizing
HIV infection. Indeed, we have reported previously a similar
pattern for TNF-a release in PBMC from HIV-infected
patients [20].

While PBMC and BMMC released significant amounts of
CCL19, these cells did not release any detectable amounts of
CCL21 in either HIV-infected patients or controls. We have
seen a similar pattern in other populations, such as patients
with atherosclerosis, and we have not detected any amount
of CCL21 transcripts in PBMC from either HIV-infected
patients or controls (P. Aukrust and J. K. Damås, unpub-
lished data). We have reported previously markedly
enhanced serum levels of CCL21 in HIV infection [15], and
our findings in the current study suggest that this does not
reflect increased release from MNC. CCL19 and CCL21 are
produced primarily by stromal cells and lymphatics in
secondary lymphoid tissue, but ectopic production by
endothelial cells and tissue macrophages has been observed
in non-lymphoid organs during inflammatory disorders
[3,10,11]. Some of these cellular sources could, potentially,
contribute to the increased CCL21 levels in HIV infection.

Signalling via CCR7 has been reported previously to
enhance HIV replication in activated T cells [21]. Pretreat-
ment of resting CD4+ T cells with CCL19 or CCL21 allows
for efficient HIV integration, contributing potentially to per-
sistent HIV latency during HAART [13]. Previously we have
reported persistently raised serum levels of CCL19 and
CCL21 in those with virological treatment failure during
HAART [15]. Our findings in the present study may suggest
further a link between HIV replication and these chemok-
ines by showing that HIV may boost the inflammatory
response to CCL19 and CCL21. Thus, we showed that HIV-
tat protein enhanced the release of TNF-a and IFN-g in
CCL19 and CCL21 activated PBMC from healthy controls.
Several studies have showed that HIV tat protein may be of
particular importance for certain HIV-related responses
such as inflammation and neurotoxicity [22,23]. The high
unbound tat levels that have been detected in sera of HIV
patients underscore the in vivo relevance of these findings
[24]. Moreover, while CCL19 and CCL21 induced no or only
a modest release of inflammatory cytokines in PBMC from
control individuals and HIV-infected patients on successful
HAART, these chemokines enhanced markedly the inflam-
matory potential of PBMC in untreated HIV-infected
patients and in those with treatment failure during HAART.
However, it is unlikely that this enhancement of inflamma-
tory response in relation to HIV replication is restricted to
tat-related mechanisms but, rather, reflects the effects of full
HIV replication of the intact virus. Nevertheless, our find-

ings may suggest a pathogenic loop between HIV and
CCL19/CCL21, contributing to persistent HIV replication
and inflammation in HIV-infected patients irrespectively on
ongoing HAART.

Although relatively few patients were examined, our
findings suggest that a dysregulated CCL19/CCL21/CCR7
system could play a pathogenic role in HIV infection by
contributing to an inappropriate inflammation, being part
of pathogenic loop, involving inflammatory interactions
between HIV, CCL19/CCL21 and their receptor, CCR7. This
pathogenic loop seems to be operating not only in untreated
HIV-infected patients, but also in those with virological
treatment failure during HAART, contributing to persistent
inflammation and HIV replication in these individuals.
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