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Introduction

Circulating CD4" regulatory T cells (T.;) with constitutive
immunosuppressive activity are one of the most important
cellular subsets involved in controlling inappropriate or
excessive immune activation [1-3]. Although the physiologi-
cal function of T, is central for maintaining self-tolerance,
the negative regulatory activity of these cells can also be
counterproductive, as T, can suppress immune responses
against tumours and viral infections [4-8].

Expression of forkhead box protein 3 (FoxP3), together
with the interleukin (IL)-2 receptor o chain (CD25) by CD4*
T cells, are used widely as markers to identify T, However,
it has been shown that both CD25 and FoxP3 expression
could be induced in human naive CD4" T cells through cell
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Summary

The association between immune dysfunction and the development of auto-
immune pathology in patients with human immunodeficiency virus/acquired
immune deficiency syndrome (HIV/AIDS) is not clear. The frequency and
phenotype of regulatory T cells, as well as the presence of autoantibodies, were
evaluated in a paediatric cohort of HIV-infected patients without clinical
evidence of autoimmune disease. Lower absolute counts but higher percent-
ages of total CD4" forkhead box protein 3 (FoxP3)" T cells were recorded in
children with severe immunosuppression than in those without evidence of
immunosuppression. The frequencies of classical CD4*CD25*FoxP3* regula-
tory T cells were not altered, whereas CD4*FoxP3*CD25~ T cells were found
increased significantly in patients with severe immunosuppression. Like clas-
sical regulatory T cells, CD4*FoxP3*CD25~ T cells display higher cytotoxic
T-lymphocyte antigen 4 (CTLA-4) but lower CD127 expression compared with
CD4*FoxP3 CD25" T cells. An improvement in CD4" T cell counts, along with
a decrease in viral load, was associated with a decrease in CD4*FoxP3*CD25~ T
cells. The majority of the patients with severe immunosuppression were posi-
tive for at least one out of seven autoantibodies tested and displayed hyper-
gammaglobulinaemia. Conversely, HIV-infected children without evidence of
immunosuppression had lower levels of autoantibodies and total immunoglo-
bulins. A decline in CD4"FoxP3* T cell numbers or a variation in their pheno-
type may induce a raise in antigen exposure with polyclonal B cell activation,
probably contributing to the generation of autoantibodies in the absence of
clinical autoimmune disease.
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activation, making the identification of FoxP3* T cells as
pure T, cells difficult [9]. The lack of cell surface expression
of CD127 (also known as IL-7 receptor o.-chain) has been
used to further distinguish Ty [10,11]. Furthermore, cells
with regulatory properties are also found in the subset of
CD4'FoxP3*CD25™ T cells [12], confirming the heterogene-
ity of T cell subsets with suppressive functions.

Chronic immune activation and progressive immune
exhaustion are central features of human immunodeficiency
virus (HIV) pathogenesis. The expansion of Ty in HIV
infection could, hypothetically, decrease the magnitude of
T cell responses in viraemic patients and render them
more susceptible to other pathogens [13]. Alternatively, Ty
may have a protective effect, restraining activation-induced
immunopathology caused by persistent viraemia [6,14-17].
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Table 1. Summary of clinical characteristics of study participants.

Tregs and autoantibodies in paediatric HIV

Group A (CD4* < 15%)

Group B (CD4"* > 25%) Uninfected (CD4" 35 % 3%)

Number of patients 28
Year age median (range) 129 (3-1-17)
Co-morbidities (1)
Herpes zoster 1
Oral candidiasis 1
Acute otitis media 2
Cryptococcus neoformans in CNS 2
Varicella
Pneumonia 5
Tuberculosis 1
Signs/symptoms of autoimmune disease No
ART n =20 (NRTI, PI)
Length of treatment 6-3 years
Viral load mean = SD (log;, IU/ml) 4.02 = 1-27°

37 10
11-0 (3-17) 9-5(2-12)
No
1
1
1
No No
n =27 (NRTI, PI, NNRTTI) -
6-8 years
2:55 = 1-18 -

fSignificantly increased compared with group B (P <0-001, Fisher’s exact test). NRTI, nucleoside reverse transcriptase inhibitor; PI, protease

inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; CNS, central nervous system; SD, standard deviation; ART, anti-retroviral therapy.

Several B cell defects have been reported in HIV-infected
individuals, mainly in subjects with increased viral load,
including polyclonal B cell activation, hypergammaglobuli-
naemia, induction of terminal differentiation of B cells and
increased levels of autoantibodies [18]. In addition, HIV
infection is associated with a loss of memory B cells and
increased apoptosis in the B cell compartment [19,20]. The
association between immune dysfunction and the develop-
ment of autoimmune diseases in patients with HIV/acquired
immune deficiency syndrome (AIDS) is intriguing [21].
The possible mechanisms for autoimmune manifestations
include the direct effect of HIV on endothelial, synovial and
haematopoietic cells, resulting in the destruction of CD4*
T cells, increased cytotoxic cell activity and increased expres-
sion of autoantigens. Polyclonal B cell activation with
increased levels of total immunoglubulins and autoantibod-
ies have also been reported in HIV-infected children
[22-27]. More recently, immune activation was associated
with diminished frequencies of T, [28,29].

Because it is still not known whether or not immune
deregulation in HIV infection influences the generation of
autoimmune phenomena in paediatric HIV infection, we
examined the association between the numbers or pheno-
type of Ty and the presence of autoantibodies in a paedi-
atric cohort of HIV-infected children with different degrees
of immunosuppression.

Materials and methods

Study population

The group of children evaluated comprised 65 HIV-infected
children (30 males and 35 females, aged between 3 and 17
years) treated at the authors’ College Hospital. Vertical trans-
mission of HIV infection was confirmed by enzyme-linked
immunosorbent assay (ELISA) and Western blot analysis.

© 2012 The Authors

Patients were selected on the basis of their clinical and
immunological status according to the Centers for Disease
Control and Prevention (CDC) 1994 paediatric classification
[30]. HIV-infected children were divided into two groups:
group A, subjects severely immunosuppressed (i.e. CD4" T
cells < 15%, n = 28) and group B, subjects with no evidence
of immunosuppression (i.e. CD4"* T cells >25%, n=37)
(Table 1). Control samples were obtained from 10 HIV-
seronegative healthy children among the population coming
to the hospital for vaccination. Informed consent was
obtained from the parents of all children included in
the study, which was approved by the Institution Ethical
Committee.

Plasma HIV RNA viral load

Ethylenediamine tetraacetic acid (EDTA) anti-coagulated
blood was centrifuged at 1000 g for 15 min for plasma
collection and stored at —80°C until use. HIV RNA level
was determined using Nuclisens EasyQ HIV version 1-2
(bioMérieux, Marcy I’Etoile, France). Results are expressed
as logyo of number of copies/ml.

T:c; phenotyping

Peripheral blood mononuclear cells (PBMC) were isolated
from heparinized venous blood by density gradient cen-
trifugation with Ficoll-Hypaque. Staining of 2 x 10° PBMC
with surface markers was performed using the following
anti-human monoclonal antibodies: CD4 [peridinin chloro-
phyll (PerCP)], CD25 [fluorescein isothiocyanate (FITC)],
CD127 (AlexaFluor 647), CD69 [allophycocyanin (APC)]
and human leucocyte antigen D-related (HLA-DR) (APC)
from BD Biosciences (San Jose, CA, USA). Intracellular
markers were detected using FoxP3 [phycoerythrin (PE)],
cytotoxic T lymphocyte antigen 4 (CTLA-4) (APC) and
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interferon (IFN)-y (APC) from BD Biosciences, according to
the manufacturer’s instructions. Data were acquired on a
fluorescence activated cell sorter (FACS) Calibur cytometer
(Becton Dickinson, Franklin Lakes, NJ, USA) and analysed
with CellQuest software (Becton Dickinson). At least 20 000
CD4* T lymphocytes were acquired for analysis of FoxP3*
cells. An automatized blood cell count was recorded in
all patients (Cell Dyn 3500, Abbott, Santa Clara, CA, USA)
to determine the absolute levels of CD4* T cells, total
CD4'FoxP3" T cells or CD25"/CD25~ CD4" T\ subsets.

Determination of autoantibodies

For determination of autoantibodies, immunoglobulin
levels and C3 and C4 complement factors, blood to be used
for serum analysis was allowed to coagulate at 37°C and
centrifuged at 1000 g for 15 min for sera separation. Anti-
nuclear factor (ANA), anti-DNA, anti-smooth muscle
(ASMA), anti-mitochondrial (AMA) and anti-neutrophil
cytoplasm (ANCAc, ANCAp) antibodies were assayed by
indirect immunofluorescence (IMMCO, Diagnostic, Buffalo,
NY, USA) while anti-cardiolipin (ACA) antibodies were
measured by ELISA (Binding Site, Birmingham, UK). Rheu-
matoid factor (RF), total immunoglobulin as well as C3 and
C4 levels were measured by nephelometry (Immage
Beckman Coulter, Brea, CA, USA).

Statistical analysis

The Mann—Whitney U-test and Kruskal-Wallis with Dunn’s
correction test were performed to compare the levels of
CD4'FoxP3* and CD4'FoxP3*CD25"/CD25 T cells among
the different clinical groups evaluated. Fisher’s exact test was
applied to compare the frequency of subjects with positive
tests in each clinical group. A correlation analysis was applied
by Spearman’s rank method. P < 0-05 was considered statis-
tically significant. A univariate analysis was performed to
determine differences between children with or without
signs of immunosuppression. Student’s ¢-test or Wilcoxon’s
rank sum test were applied for continuous variables, while
the %’ test was used for categorical variables. Only variables
that were statistically different in the univariate analysis
(P < 0-10) were included in the multivariate analysis (logistic
regression). Correlations between variables were explored
with the Pearson test. Those variables that showed collinear-
ity were analysed in different logistic regression models. All
statistical analysis was carried out using Analytical Software
Statistix version 8-0.

Results

Clinical characteristics and treatment of
study population

The main characteristics of the entire study population are
summarized in Table 1. All 65 paediatric patients acquired the
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infection by vertical transmission, but no prophylactic mea-
sures were applied in HIV-infected mothers, neither during
pregnancy nor during delivery. Ages of diagnosis in children
with severe immunosuppression (group A) were similar to
those in children without evidence of immunosuppression
(group B) (mean = 5-8 years and 4-5 years, respectively). Anti-
retroviral therapy (ART) included nucleoside reverse tran-
scriptase inhibitors (NRTIs), protease inhibitors (PI) and
non-nucleoside reverse transcriptase inhibitors (NNRTTs).

HIV infection was diagnosed recently in five of the eight
children in group A who were not receiving ART, while treat-
ment had been dropped by the remaining three patients.
Similarly, HIV infection had been diagnosed recently in all
children from group B who were not under treatment at
initiation of the study. Eighteen children in group A and
seven in group B showed virological failure, defined for all
children as a <1-0 log;o decrease in HIV RNA copy number
from baseline after 8—12 weeks of therapy, HIV RNA >400
copies/ml after 6 months of therapy or repeated levels of
HIV RNA copies above the limit of detection after 12 months
of therapy. Eighteen of the 65 patients included were also
evaluated at two different time-points with an average
follow-up period of 12 months (Table 2). One of these 18
patients was diagnosed recently for HIV infection, and thus
was naive of treatment at inclusion (i.e. subject 14 in
Table 2), four children were already receiving the appropriate
ART (i.e. patients 8, 12, 13 and 18 in Table 2), while the
remaining 13 children showed virological failure due to defi-
cient adherence to treatment.

Decreased numbers of CD4*FoxP3* T cells in
peripheral blood of HIV-infected children

The expression of FoxP3, one of the most specific markers
for Ty [31-34], was quantified to determine the levels of
total T in HIV-infected paediatric patients. Lower absolute
levels of CD4*FoxP3* T cells were recorded in children with
severe immunosuppression (group A) than in children
without evidence of immunosuppression (group B) and
uninfected controls (Fig. 1a). Conversely, percentage levels
of total CD4'FoxP3* T cells were higher in group A com-
pared with group B and the control group (Fig. 1b).

When co-expression between CD25 and FoxP3 was tested,
no significant differences in CD4'FoxP3*CD25" T cells as
percentage frequencies were found among patient groups
(Fig. 1c), while CD4"Foxp3*CD25" T cells were increased
significantly in HIV-infected children with severe immuno-
suppression in comparison with those without evidence of
immunosuppression and healthy controls (Fig. 1c).

The absolute CD4"FoxP3* T cell counts as well as the
percentages of CD4"FoxP3"CD25 T cells correlated strongly
with the degree of immunosuppression, as determined by
multivariate analysis (Table 3). Similarly, viral load and the
percentages of total CD4"FoxP3* T cells were also statistically
significant in the multivariate analysis (Table 3).

© 2012 The Authors
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Table 2. Clinical characteristics of 18 human immunodeficiency virus (HIV)-infected children at inclusion in the study and at follow-up.

CD4 count at Viral load at Months CD4 count at Viral load at

Patient initiation of initiation of HIV-related of ARV follow-up follow-up
1D study (cells/pl) study (log CV) illness ARV at inclusion at inclusion (cells/ul) (log CV)

1 203 5.3" d4T ABV FPV/r 60 175 4-8

2 85 5-25" Otitis media AZT 3TC LPV/r 24 140 3-74

3 86 5-43" Cryptococcal d4T ABV LPV/r 168 276 1.7

meningitis

4 194 5-36" AZT ABV LPV/r 120 155 4-23

5 184 3.71% AZT DDI NFV 60 222 3.74

6 496 3-431 d4T ABV FPV/r 156 426 4-07

7 185 2-84% EFV ABV FPV/r 96 227 2:64

8 222 1-7 d4T ABV LPV/r 72 421 2:3

9 684 394" d4T DDI DRV/r 156 470 4
10 853 4-88" AZT DDI NFV 84 1123 2-1
11 879 3117 DDI NVP NFV 168 734 2:38
12 1073 1-7 AZT 3TC NFV 144 1325 3-99
13 687 1-7 d4T ABV IND/r 156 663 1-7
14 942 4-61 AZT 3TC NFV 0 556 3-07
15 546 3-56" AZT 3TC NFV 120 556 3-31
16 487 5.75¢ Pneumonia AZT 3TC NFV 36 911 5-07
17 234 3611 AZT DDI LPV/r 16 497 1-7
18 669 1-7 AZT DDI NFV 60 1142 23
Mean 483-8 3-75 556-6 3-16
SD 3217 1-42 363-6 109
Median 491-5 3-66 483 319

fChildren with virological failure. d4T, stavudine; DDI, didanosine; AZT, zidovudine; ABV, abacavir; 3TC, lamivudine; NVP, nevirapine;
NEFV, nelfinavir; EFV, efavirenz; FPV/r, fosamprenavir + ritonavir; LPV/r, lopinavir + ritonavir; ARV, anti-retroviral therapy; SD, standard deviation;
DRYV, darunavir/rotanavir; IND, indinavir.

CTLA-4) and effector (i.e. IFN-y production) functions,
respectively, as well as activation (i.e. CD127, CD69
and HLA-DR), were measured on CD4'FoxP3*CD25,
To confirm whether CD4'FoxP3*CD25 T cells were Tieg CD4'FoxP3"CD25" and CD4'FoxP3 CD25* T cells. No sig-

Phenotyping of CD4*FoxP3*CD25" and
CD4'FoxP3*CD25™ T cells

with altered CD25 expression, markers of suppressive (i.e. nificant differences in CTLA-4 [Fig. 2a (upper panel), b],
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Fig. 1. The frequency and phenotype of CD4*forkhead box P3 (FoxP3)" T cells are altered in human immunodeficiency virus (HIV)-paediatric
patients. Peripheral blood mononuclear cells (PBMC) were collected and stained with anti-CD4, anti-CD25 and FoxP3 monoclonal antibodies.
CD4" T cells were gated from a side-scatter (SSC) versus CD4 dot-plot and the expression of FoxP3 and CD25 was analysed with CellQuest Pro
software. Blood cell count was recorded in all subjects. (a) Absolute numbers (shown as cells per millilitre of blood) of total CD4*FoxP3* T cells.
The horizontal lines denote the median values for each clinical group. (b) FoxP3* T cell levels (expressed as percentages of CD4" T cells) in the
different clinical groups. Boxes represent values between the 25th and 75th percentiles and medians; bars indicate 10th and 90th percentiles.

(c) Frequency of regulatory CD4" T cell subsets according to CD25 expression. CD4*CD25 FoxP3* T cells in group A were significantly higher
compared with those in group B and uninfected controls.
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Table 3. Univariate and Multivariate analysis for immunosuppression in HIV-infected children.

Univariate analysis

Multivariate analysis

Study variables Group A (CD4" < 15%) Group B (CD4* > 25%) P-value Coefficient P-value
Age, years = SD 10-97 = 5-15 10-46 * 4-6 0-67

Anti-retroviral treatment’ (%) 19/28 (68) 32/37 (86) 0-07 —0-45 0-68
Logarithm y of viral copies = DS 397+ 13 271 =122 0-0002 0-708 0-035
Co-morbidities™ (%) 15/28 (54) 8/37 (22) 0-0076 1-1 0-20
Treatment adherence’ (%) 7/24 (29) 23/33 (70) 0-0025 —0-50 0-67
Absolute count CD4"FoxP3* 287 £ 274 63-7 £ 277 <0-0001 —0-06 0-0004*
%CD4 FoxP3" 127 = 84 7:7 £ 23 0-0043 0-22 0-04*
%CD4'FoxP3"CD25~ 598 = 54 275 * 12 0-0044 0-82 0-002*
%CD4 FoxP3"CD25" 6:7 * 4-59 4-84 = 1-75 0-05 0-14 0-17%

*Variables with collinearity were analysed in different multivariate models. "No. of positive patients/total no. of subjects assayed. Bold type indicates
significant differences. FoxP3, forkhead box protein 3; DS, double-stranded; SD, standard deviation.

CD127 (Fig. 2¢), CD69 [Fig. 2a (bottom panel), e], HLA-DR
(Fig. 2f) expression or IFN-yproduction (Fig. 2d) were found
between CD4"FoxP3*CD25" and CD4"FoxP3*CD25™ T cells.
Conversely, either CD4*FoxP3*CD25" or CD4'FoxP3*CD25~
T cells exhibited higher CTLA-4 (Fig. 2b) but lower CD127

investigate the presence of autoantibodies in relation to the
levels of Ty in a cohort of 30 HIV-infected children and 10
uninfected healthy controls. Demographic and clinical fea-
tures of this patient group are shown in Table S1.

Thirteen of 15 (87%) patients in group A were positive for

atleast one of seven autoantibodies tested (range 1-3 positive
antibodies/patient), whereas only four of 15 (27%) patients in
group B showed detectable autoantibodies (range 1-2 posi-
tive autoantibodies/patient) (Table 4). Conversely, autoanti-
bodies were not found in uninfected children (Table 4).

RF and ASMA were the most frequently observed auto-
antibodies in both clinical groups of infected children

(Fig. 2¢) expression than CD4'FoxP3 CD25" T cells.

Levels of autoantibodies and total immunoglobulins in
HIV-infected children

The decreased absolute CD4"FoxP3* T cell counts found in
subjects with severe immunosuppression prompted us to
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Fig. 2. Phenotypic analysis of forkhead box P3 (FoxP3)-expressing CD4" T cells. Peripheral blood mononuclear cells (PBMC) were collected and
stained with anti-CD4, anti-CD25 and anti-FoxP3 in combination with anti-cytotoxic T lymphocyte antigen 4 (CTLA-4) (n = 14), CD69 (n = 14),
CD127 (n=6), interferon (IFN)-y (n =4) or human leucocyte antigen D-related (HLA-DR) (n = 6). Lymphocytes were identified by forward- and
side-scatter properties. From this population, a CD4 versus FoxP3 dot-plot was set. Subsequently, CD4*FoxP3* or CD4"FoxP3™ T cell populations
were gated and analysed for CD25 versus CTLA-4, CD127, IEN-y, CD69 or HLA-DR. (a) Representative histogram plot from a single human
immunodeficiency virus (HIV)-infected child showing CTLA-4 (upper panel) and CD69 (bottom panel) expression on CD4"FoxP3-CD25%,
CD4"FoxP3"CD25" and CD4"FoxP3*CD25™ T cells. Proportions of CD4"FoxP3 CD25%, CD4"FoxP3*CD25* and CD4*FoxP3*CD25™ T cells
co-expressing CTLA-4 (b), CD127 (c), IEN-y (d), CD69 (e) or HLA-DR (f) were measured in HIV-infected children exhibiting immunosuppression

(closed circle) or without signed of immunosuppression (open circle).
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Table 4. Levels of CD4"FoxP3" T cells, autoantibodies and total immunoglobulins in human immunodeficiency virus (HIV)-infected and

uninfected children.

Group A (n=15)

Group B (n=15) Uninfected (n =10)

CD4*FoxP3* T cells (cellsymm® + SD)
No. of positive tests (median IU/ml, range)® RF

ACA

ANA
DNA
AMA
ASMA
ANCA

No. of patients with positive findings for at least

one autoantibody out of the total evaluated (%)

Total immunoglobulins (median mg/dl, range) IgA
IgM
IgG

2190 (823-3500)"

165 * 14-2° 70-1 * 24-1 72 =91
10 8 0
37-6 (20-223)° 21 (20-42) <20¢
10 3 0
29 (18-69)° 19 (18-29) <154
1 0
0 0 0
2 0 0
7 2 0
3 0 0
13 (87)F 4 (27) 0 (0)

302 (107-838)8
297 (132-344)"

205-3 (43-459)
136 (58-386)
1580 (900-3390)

124 (64-184)
79 (56-102)
946 (822-1070)

2P =0-001 versus group B and uninfected subjects, Kruskal-Wallis test. *Applicable for quantitative tests. ‘P = 0-049 versus group B, Mann—-Whitney
U-test. “Detection limit. °P = 0-009 versus group B, Mann—Whitney U-test. P =0-022 versus group B; P = 0-008 versus uninfected controls, Fisher’s exact
test. 8P = 0-001 versus group B and uninfected controls, Kruskal-Wallis test. "P < 0-0001 versus group B and uninfected controls, Kruskal-Wallis test.
P < 0-0001 versus uninfected controls, Kruskal-Wallis test. Ig, immunoglobulin; ANCA, anti-neutrophil cytoplasm; ASMA, anti-DNA, anti-smooth
muscle; AMA, anti-mitochondrial; ANA, anti-nuclear factor; FoxP3, forkhead box protein 3; RF, rheumatoid factor; SD, standard deviation.

(Table 4). Conversely, ACA were found mainly in children
with severe immunosuppression (Table 4). Although differ-
ences in autoantibody levels based on the degree of immuno-
suppression were not significant, ASMA were detected
frequently more among patients with severe disease (Table 4).

In the 30 patients evaluated, high levels of ACA (Fig. 3a)
and RF (Fig. 3b) were associated with low CD4" T cell

counts. While ACA levels were not related to either the abso-
lute number of total CD4"FoxP3* T cells (CD4"FoxP3*CD25*
and CD4'FoxP3* CD25™ T cells) or any of the CD25*/CD25"
regulatory T cell subsets (data not shown), a negative corre-
lation was found between RF and absolute total CD4"FoxP3*
T cell counts (Fig. 3c). Conversely, when CD4*FoxP3*CD25*
and CD4'FoxP3*CD25 T cells were analysed separately, no

) b
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5150t
Fig. 3. Relationship among total regulatory T E
cells (They), anti-cardiolipin (ACA), rheumatoid %1 oolo
factor (RF) and CD4 count. Correlation analysis
was performed by Spearman’s rank method. § 50l o ©
(a) ACA versus percentage of CD4" T cells. é’ O 2 o
(b) RF versus CD4" T cell counts (cells/ml). 0 ® e < ) 000 0.0 © )
(c) RF versus total CD4*FoxP3" T cell counts 0 50 100 150

(cells/ml).
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association was observed between T, and RF levels. In the
present study, the 30 patients evaluated did not present any
clinical evidence of autoimmune disease with normal serum
concentrations of C3 and C4 (data not shown), even in those
patients with a five- to 10-fold increase in RF levels (refer-
ence range <20 IU/ml). The higher prevalence of autoanti-
bodies observed in patients with severe immunosuppression
compared with those without evidence of immunosuppres-
sion was linked to increased levels of total immunoglobulins
(Table 4).

Taken together, these results support that depletion of T
in HIV-infected children is linked to the appearance of RF
autoantibodies, while the reduction in CD4" T cells appeared
to be related mainly to the presence of ACA and RF
autoantibodies.

Monitoring of CD4*FoxP3* T cells in
HIV-infected children

We next analysed whether changes in CD4 T cell count were
linked with phenotypical alterations in T, in an average
12-month follow-up period in 18 HIV-infected children
(Table 2). Although substantial changes in T, numbers
were generally not observed, a positive correlation between
changes in immunological status during the follow-
up period (A%CD4 =%CD4,,— %CD4,) and changes
in FoxP3* T cells phenotype (Aratio=%CD25",/
%CD257, — %CD25%,/%CD257) was recorded (Fig. 4a).
As observed in Fig. 4b,c, an improvement in CD4* T cell
counts along with a decrease in viral load was associated with
a decline in the frequency of CD4*FoxP3*CD25™ T cells to
levels comparable to those observed in healthy controls.

Even though a substantial alteration in RF levels was not
found during follow-up, the two patients (i.e. patients 3 and
17 in Table 2) who showed the higher decrease in RF also had
a diminution in CD4*FoxP3*CD25™ T cells (Fig. 4b,c). It is
noteworthy that both patients showed improved immune
and virological status, as determined by a rise in CD4" T cell
count and a decrease in viral load.

Discussion

HIV infection is characterized by a progressive loss of CD4*
T cells, chronic immune activation and an increasing array of
immune dysfunctions [35,36]. Polyclonal hypergamma-
globulinaemia, depletion and/or dysfunction of CD4" T,
probably contribute to the production of autoantibodies
observed in a proportion of HIV-infected children in the
absence of clinical autoimmune disease [22-27]. This study
reports for the first time that diminished absolute levels of
Tregs are associated with a higher prevalence of autoantibod-
ies and hypergammaglobulinaemia in HIV-infected children
with severe immunosuppression.

In agreement with the findings in HIV-infected adults, RF,
ACA and ASMA were the most prevalent autoantibodies
[37-41]. The highest levels of RF and ACA as well as total
immunoglobulins were recorded in patients with the lowest
CD4'FoxP3'T cell count, supporting the notion that T,
play a main role in the control of immune activation and
autoantibody production. Moreover, correlation analysis
supports that depletion of T, in HIV-infected children is
linked to the appearance of RF autoantibodies, while the
reduction in CD4* T cells appeared to be related mainly to
the presence of ACA and RF autoantibodies.

Fig. 4. Monitoring of CD4" forkhead box (/a\) (b) Gated on CD4™T cells

P3 (FoxP3)"CD25" T cells and CD4" T cell ?2 r=0-491

counts in human immunodeficiency virus 3  P<0.002 .

(HIV)-infected children. The frequency of +t

CD4"FoxP3*CD25" and CD4" T cells were 8

determined at two different time-points during ; Ry

an average of 12-month follow-up period. (a) N . LI . P

Correlation analysis between changes in the g -10 -5 5

levels of CD4" T cells (A% CD4) and changes & e 1t

in regulatory T cell (Ty,) phenotype (Aratio 8 .

%CD4*FoxP3*CD25"/%CD4*FoxP3*CD257). 2 ° -2y

(b) Representative dot-plot of CD25 and FoxP3 & _al

expression in CD4* T cells during follow-up (t, < A%CD4

and f,, patient 3 in Table 2). CD4" T cells were (©)

gated from a side-scatter (SSC) versus CD4

dot-plot and the expression of CD25 and fo tiz

FoxP3 was calculated. The figures in the Viral load (log+o 54 1.7

upper left quadrants show the percentages copies/ml)

of CD4"FoxP3*CD25" T cells, while the CD4 (cells/ml) 86 276

percentages of CD4"FoxP3"CD25" T cells

are shown in the upper right quadrants. RF (IU/ml) 228 18

(c) Summary of immune/virological status Ratio CD25'/CD25~ 11 36
(CD4"FoxP3*)

of the same patient showed in (b).

230

© 2012 The Authors

Clinical and Experimental Immunology © 2012 British Society for Immunology, Clinical and Experimental Inmunology, 168: 224-233



In contrast to the diminished absolute T\, numbers, the
percentages of total CD4*FoxP3* T cells are raised in children
with signs of severe immunosuppression. Previous reports
have shown low levels of classical T, CD4"FoxP3*CD25%,
along with an increased activation status in an HIV* paediat-
ric cohort [29]. In the present study, the rise in total
CD4'FoxP3" T cells is due to an increase in a putative Tre
population CD4*FoxP3*CD25" but not to an increase in clas-
sical CD4"FoxP3"CD25" Ty The regulatory T cell subset
CD4'FoxP3"CD25™ might arise from activated CD4" T cells
that express FoxP3, or constitutes atypical Ty, [42—44]. Other
studies have demonstrated that CD4"FoxP3*CD25™ T cells
represent a peripheral reservoir of committed regulatory T
cells, recruited to the CD25" T cell pool upon homeostatic
expansion or activation [45]. The relative increase of this
subset in the group with lower CD4" T cell counts would be
a consequence of the extended HIV-associated chronic
immune activation, or higher induction of atypical T
which, in turn, can differentiate into conventional T, [45].
The diminution in the absolute levels of CD4* T cells and the
simultaneous percentage increase in CD4"FoxP3*CD25 T
cells might also be due to a slower decline of the latter T cell
subset [46]. In our study, the absolute total CD4*FoxP3* T cell
counts and the percentages of CD4'FoxP3*CD25™ T cells
appeared to be associated strongly with immunosuppression.

This particular subset of CD4"FoxP3*CD25™ T cells was
also reported in patients with systemic lupus erythematosus
[47-49] and displayed a suppressive capacity for T cell pro-
liferation but not for IFN-y production [49], supporting that
CD4'FoxP3" T cells were dysfunctional T, In this study,
CD4*FoxP3*CD25" T cells showed similar phenotypical fea-
tures to CD4*FoxP3*CD25" T cells, including CTLA-4 expres-
sion, a typical marker of suppressive capacity in T, nor was
the activation status of these T, subsets different, as deter-
mined by the expression of CD69, CD127 and HLA-DR.
Moreover, IFN-yproduction, distinctive of effector T cells but
not Ty, was not detected. Therefore, CD4*FoxP3*CD25™ in
HIV-infected children appeared to be T, with abnormal
CD25 expression. However, we cannot rule out that this T
subpopulation displays some kind of dysfunction.

In our cohort of patients, we observed a strong inverse
association between the presence of autoantibodies and
absolute numbers of CD4" or CD4"FoxP3* T cells, respec-
tively, in the absence of signs of rheumatic disease, altered
blood-clotting test, thromboembolic phenomena or liver
involvement. As the level of CD25 expression correlates with
the suppressive capacity of conventional T [50,51], we can
hypothesize that the rise in CD4*FoxP3*CD25™ T cells might
enhance the immune deregulation observed in children with
severe immunosuppression, allowing autoreactive B cells to
differentiate into antibody-producing plasma cells [17]. Sup-
porting this notion, two children with deficient adherence to
treatment who restarted an anti-retroviral regimen showed a
marked decrease in RF levels along with a decline in the
proportion of CD4"FoxP3*CD25 T cells (i.e. patients 3 and

© 2012 The Authors
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17 in Table 2). Moreover, diminished levels of CD4'FoxP3* T
cells or changes in their phenotype, together with a scarce T
cell surveillance, might lead to the appearance of recurrent
or persistent infections. This may, in turn, induce a rise in
antigen exposure with polyclonal B cell activation that prob-
ably contributes to the generation of autoantibodies in the
absence of clinical autoimmune disease. However, we cannot
rule out that hyperactivation of B cells observed during HIV
infection could be responsible for the presence of autoanti-
bodies in HIV-infected children. Aberrant immune activa-
tion of B cells is also supported by the increased expression
of activation, proliferation and terminal differentiation
markers on circulating B cells [18], as well as by the produc-
tion of a large amount of immunoglobulins when PBMC
obtained from HIV-1-infected subjects are cultured in vitro
[52,53]. Furthermore, HIV-infected subjects who developed
hypergammaglobulinaemia, thrombocytopenia or other
autoimmune manifestations associated with HIV infection
had increased frequencies of CD5" B cells, a subset of the
natural immune system related to the generation of naturally
occurring autoantibodies [54]. Conversely, other studies
have shown that CD5" B cells do not contribute to hyper-
gammaglobulinaemia or autoantibody production in HIV-
infected subjects [55,56].

Although the role of these autoantibodies is not clear at
present, a long-term infection that leads the host immune
system to chronic activation and exhaustion [57] may
provide an appropriate environment to trigger an auto-
immune disease. We have shown previously that chronic
immune activation is a major feature in HIV-infected chil-
dren [58,59]. The present work points out that not only the
frequencies but also the phenotype of CD4"FoxP3* T cells are
important parameters to characterize the immunoregulatory
status during paediatric HIV infection. Atypical T, seem to
represent an additional marker of immune dysfunction in
children with HIV infection.

The identification of additional markers for monitoring
treatment efficacy and disease progression is especially
needed in perinatally acquired HIV infection, in which the
development of a naive immune system in the presence of a
persistent pathogen might manifest clinical and immuno-
logical features different from those observed in HIV-
infected adults. Furthermore, the findings obtained in
children might be subjected to certain variability due to viro-
logical and/or immunological failure related to possible
suboptimal adherence or regimen discontinuations.

In summary, this study shows that low absolute numbers
of CD4"FoxP3" T cells were associated with an increased
prevalence of autoantibodies and increased levels of total
immunoglobulins in HIV-infected children with severe
immunosuppression. This work also reports for the first time
enhanced frequencies of a particular CD4*FoxP3*CD25™ T,
subset. Longitudinal follow-up of HIV-infected children
without clinical symptoms of autoimmune disease would
shed light on the prognostic significance of these findings.
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