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M Abstract

Objectives: Naturally occurring regulatory T cells (nTregs) play an important role in immunologic tolerance and control immune-mediated
pathology in murine models of autoimmune hemolytic anemia. Our aim was to measure nTregs and levels of interleukin (L) 10 and IL-12
in peripheral blood mononuclear cell (PBMC) cultures from patients with idiopathic warm autoimmune hemolytic anemia (WAIHA) in an
attempt to unravel some of the mysteries behind the pathogenesis of this autoimmune disorder.

Methods: Twenty-seven patients with idiopathic wAIHA and 15 age- and sex-matched controls underwent flow cytometric analysis of
CD4+CD25""FoxP3*T cells (nTregs) and analysis by enzyme-linked immunosorbent assay of IL-10 and IL-12 in the supernatants of basal
and lipopolysaccharide (LPS)-stimulated PBMC cultures.

Results: The mean (SD) percentage of circulating CD4* nTregs in peripheral blood was significantly lower in patients (4.63% [1.0%)]) than in controls
(9.76%[0.78%]) (P<.001). PBMCs from patients had significantly higher basal levels of IL-10 and IL-12, with a dramatic reduction in responsiveness
to LPS in vitro compared to controls. There was a significantly negative correlation between the percentage of nTregs and reticulocyte count (RC),
basal IL-10, and LPS-stimulated IL-10, and a significantly positive correlation with haptoglobin (Hp) (P<.05). Basal IL-10 and LPS-stimulated IL-10
were positively correlated with RC (P<.001 in both cases) and negatively correlated with Hp (P<.01 and P<.05, respectively).

Conclusion: Our study indicates that a reduced percentage of nTregs and IL-10/IL-12 imbalance may play an essential role in the onset
and/or maintenance of this AIHA.
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M Resumen

Objetivos: Los linfocitos T reguladores naturales (Tregn) desempefian un papel importante en la tolerancia inmunolégica y controlan la
patologia inmunomediada en modelos murinos de anemia hemolitica autoinmunitaria. El objetivo de esta investigacion fue determinar
los Tregn y los niveles de interleucina (IL) 10 e IL 12 en cultivos de células mononucleares de sangre periférica (CMSP) de pacientes con
anemia hemolitica autoinmunitaria por anticuerpos calientes (AHAIc) idiopética, con el fin de resolver alguna de las incdgnitas que rodean
la patogenia de esta enfermedad autoinmunitaria.

Meétodos: Se realizaron analisis mediante citometria de flujo de linfocitos T (Tregn) CD4* CD25¢#2% FoxP3*y enzimoinmunoanélisis de adsorcion
(ELISA) para la deteccion de IL-10 e IL-12 en los sobrenadantes de cultivos de CMSP al inicio y tras la estimulacion con lipopolisacaridos (LPS)
en 27 pacientes con AHAIc idiopatica y 15 controles emparejados por edad y sexo.

Resultados: La media (DE) porcentual de Tregn CD4* circulantes en sangre periférica fue significativamente menor en los pacientes (4,63% [1,0%)])
que en los controles (9,76% [0,78%)]) (p < 0,001). Las CMSP de los pacientes presentaron niveles basales de IL 10 e IL 12 significativamente
maés elevados, con una disminucion notable de la sensibilidad al LPS in vitro en comparacion con los controles. Se observé una correlacion
significativamente negativa entre el porcentaje de Tregn y el recuento de reticulocitos (RR), la IL-10 basal y la IL-10 estimulada por LPS, y
una correlacion significativamente positiva con la haptoglobina (Hp) (p < 0,05). La IL-10 basal y la IL 10 estimulada por LPS presentaron
una correlacion positiva con el RR (p < 0,001 en ambos casos) y una correlacion negativa con la Hp (p < 0,01y p < 0,05, respectivamente).
Conclusion: Este estudio indica que un pequefio desequilibrio entre los Tregn y la IL 10/IL 12 puede desempefiar un papel importante en
la aparicion y/o el mantenimiento de la AHAIc.

Palabras clave: Anemia hemolitica autoinmunitaria. Linfocitos T reguladores. Interleucina 10. Interleucina 12.
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Introduction

Warm autoimmune hemolytic anemia (WAIHA)
accounts for about 50% to 70% of all cases of autoimmune
hemolytic anemia and is characterized by the production of
autoantibodies that target determinants on red blood cells
(RBCs) [1]. These antibodies are typically of polyclonal
origin, belong to the immunoglobulin (Ig) G isotype, and arise
either idiopathically or in the context of lymphoproliferative
disorders or autoimmune diseases. [gG-coated RBCs undergo
accelerated Fc gamma receptor—-mediated extravascular
clearance [2]. Specific tolerance of self-antigens is achieved
by complex dynamic interactions at the cellular and humoral
levels of the immune system. In wAIHA, self-tolerance of
Rh protein on the surface of RBCs is usually broken [3].
Regulatory T cells (Tregs) are a specialized subpopulation
of T cells that act to suppress immune responses, thereby
maintaining homeostasis and self-tolerance [4]. Naturally
occurring Tregs (nTregs) originate in the thymus and
account for 5% to 10 % of mature peripheral CD4* T cells.
It has been shown that Tregs are able to inhibit T-cell
proliferation and cytokine production and play critical roles
in preventing autoimmunity [5]. Impaired Treg development
and/or function is a characteristic of a variety of autoimmune
diseases; higher frequencies of Tregs, in contrast, can render
the immune system hyporesponsive to pathogens [6]. In vitro
studies have shown that CD4*CD25"¢" T cells appear to be
a homogeneous population of suppressor cells that do not
contain memory or activated T cells. The suppression effect is
mediated by a cytokine-independent, cell contact—dependent
mechanism that requires activation of these cells via a T-cell
receptor [7]. The primary method to detect Tregs is flow
cytometry with gating on CD4*CD25"¢" cells. Tregs have been
further characterized by the expression of the transcription
factor regulator forkhead box P3 (FoxP3), which, when
overexpressed in activated T cells, downregulates cytokine
production [8].

Interleukin (IL) 10 is known to promote antibody
production by B cells, and it has been suggested that it
might play a role in the development of autoantibody-
mediated diseases such as systemic lupus erythematosus
(SLE) [9,10] and AIHA [11]. On the other hand, it has
been shown that, in human autoimmune diseases, 1L.-12
promotes cell-mediated immunity through its ability
to induce interferon (IFN) vy, but suppresses humoral
immune responses and autoantibody production [12].
Therefore, studies of peripheral blood lymphocyte-
monocyte activation and interleukin production are
valuable tools for investigating the relationship between
the immunoregulatory cytokine network and AIHA.

In the present study we analyzed peripheral blood
mononuclear cells (PBMCs) to measure the percentage of
nTreg cells in CD4* cells in the peripheral blood of patients
with idiopathic wAIHA and healthy controls. We also measured
levels of IL-10 and IL-12 in basal and lipopolysaccharide
(LPS)—stimulated PBMC cultures in an attempt to unravel
some of mysteries behind the pathogenesis of this autoimmune
disorder.
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Participants and Methods

Patients and Controls

This study comprised 27 patients (9 men and 18 women)
with idiopathic wAIHA. Their ages ranged from 28 to 63 years
(mean [SD] age, 45.3 [11] years). Fifteen healthy individuals
matched for age and sex were randomly selected from a group
of blood donors as controls; they were aged between 23 and
54 years (mean [SD], 44.6 [9.2] years). Written informed
consent was obtained from all patients and controls. Patients
known or suspected to have SLE or other autoimmune diseases,
lymphoproliferative or other neoplastic diseases, infections,
or immune deficiency syndrome, were not included in the
study. Patients were observed for 6 months to exclude primary
malignancy. Blood samples were obtained at the time of acute
hemolysis, which was defined by a sudden fall in hemoglobin
(Hb), a haptoglobin (Hp) concentration of <50 mg/dL, lactate
dehydrogenase (LDH) activity of >480 U/L, a serum bilirubin
level of >1.0 mg/dL, and a high reticulocyte count (RC).
A direct antiglobulin test (DAT) with polyspecific DiaMed
Micro Typing ID gel system (DiaMed, Cressier sur Morat,
Switzerland) was performed for all cases. All patients were
DAT positive.

Procedures

Patients enrolled in the study underwent full history taking,
clinical examination, liver and kidney function tests, complete
blood count, flow cytometric analysis of CD4*CD25"e"FoxP3*
T cells, and analysis of IL-10 and IL-12 in the supernatants of
basal and LPS-stimulated PBMC cultures by enzyme-linked
immunosorbent assay (ELISA).

Lymphocyte Separation

PBMCs were purified from heparinized blood samples
by Ficoll-Hypaque gradients (Biochrom, Berlin, Germany).
PBMCs separated for flow cytometry were washed twice
with FACs buffer, with suspension of the cell pellet in FACs
buffer at a concentration of 1.0x10%mL. PBMCs for cultures
were washed twice in Hank’s balanced salt solution and
resuspended at a concentration of 1.0x10%mL in RPMI 1640
complete medium supplemented with 5% heat-inactivated
fetal bovine serum.

Flow Cytometric Analysis of nTregs

Sample preparation and flow cytometric analysis. Cell-
surface staining was performed using mouse anti-human
monoclonal antibodies (mAbs), anti-CD25 fluorescein
isothiocyanate, anti-CD4 peridinin chlorophyll protein
conjugate, and anti-CD3 phycoerythrin conjugate (PE).
Staining was performed by adding 20 uL of each mAb to
100 uL of separated PBMCs in the same tube, followed by
incubation for 30 minutes in the dark at 4°C. The tubes were
washed twice with FACs buffer. FoxP3 staining was performed
according to the manufacturer’s protocol (PE antihuman Foxp3
Staining Set; BD Biosciences, San Jose, California, USA).
After surface staining of the cells, fixative and permeabilizing
solutions were added, followed by intracellular staining using
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20 uL of FoxP3 mAbs. The cells were incubated for 30 minutes
in the dark at 40°C and also washed twice with FACs buffer.
Finally, 0.5 mL of phosphate buffered saline was added to the
washed cells prior to measurement of CD4*CD25*FoxP3* cells.
We used appropriate isotype controls of anti-human mAbs
to prevent nonspecific Fc receptor staining. Sample analysis
was performed with a FACSCalibur flow cytometer (Becton
Dickinson, San Jose, California, USA). FACs-acquisition and
analysis were performed with FACs Cell Quest software (BD
Biosciences). Samples were first examined for the frequency
of CD3*CD4* T cells. The percentages of CD4*CD25*FoxP3*
T cells in the total CD4* T-cell population were then determined
and the intensity of CD25 surface expression was measured
using mean fluorescence intensity (MFI) as previously
described [13]. T cells with a CD25 expression level of =120
were considered to be CD25"e" (mean [SD] MFI, 160 [25]).

Lymphocyte culture. Two-mL cell suspensions were plated
into 5-mL plastic Petri dishes (Falcon; Becton-Dickinson) and
cultured at 37°C in a 5% CO, humidified atmosphere under
basal conditions and with the addition of 100 ng/mL of LPS
(Sigma Aldrich, Saint Louis, Missouri, USA) to stimulate
monocyte IL-10 and IL-12 production. After 48 hours, the
supernatants were collected and frozen at —80°C until use.

Cytokine assay. Quantitative determination of IL-10 and
IL-12 was performed using quantitative sandwich ELISA
(Quantikine; R&D systems, Minneapolis, Minnesota, USA).
The detection limits for IL-10 and IL-12 were 4.61pg/mL and
2.0 pg/mL, respectively.

Statistical Analysis

Data were entered, checked, and analyzed using the SPSS
software package (version 16) for Windows. Results were
expressed as means (SD). The 5 test and the t test were used
for statistical comparisons between parametric data from pairs
of groups. The paired t test was used for statistical comparisons

Table 1. Comparison of Clinical and Laboratory Data for Patients With
Warm Autoimmune Hemolytic Anemia and Healthy Controls?®

Patients Controls p
(n=27) (n=15)
Age,y 453 (11) 446 (9.2) 76
Male to female ratio 1.0:1.5 1.0:1.5 86
Hemoglobulin, g/dL 6.8 (1.1) 13.5(1.6) 001°
Reticulocyte count, % 2154.1) 0302 001°
Bilirubin, mg/dL 24(0.8) 0.2(0.1) 001°
Lactate dehydrogenase,
U/L 1153 (383) 326.0 (69) 001°
Haptoglobin, mg/dL 14.5(10.8) 76.2 (10.8) 001°

“Data are expressed as mean (SD) unless otherwise indicated.
®Very highly significant.

within the same group. Correlation analysis was performed
using the Pearson correlation test. P values below .05 were
considered significant.

Results

Twenty-seven patients with idiopathic wAIHA and 15
healthy age- and sex-matched controls participated in the
study. Clinical and routine laboratory data for the 2 groups are
summarized in Table 1. No statistically significant differences
were found for age or sex, but there was a highly significant
difference in Hb, RC, bilirubin, lactate dehydrogenase, and
Hp between the 2 groups (P<.001).

PBMCs from patients and controls were first analyzed
for the frequency of CD4*CD25*FoxP3* T cells in the total
CD3*CD4* T-cell population (Figure 1). The percentage of
nTregs (CD25"s") was then determined using MFI. The results
showed a significantly lower percentage of nTreg cells in CD4*
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Figure 1. Flow cytometry analysis for the percentage of regulatory T cells (Tregs) in warm autoimmune hemolytic anemia. A, peripheral blood mononuclear
cells were stained for CD3*CD4* T cells and gated with exclusion of dead cells. B, CD25 gate set to determine CD25"" cells (5%), CD25™ and CD25"
cellsin CD4* T-cell populations. C, Forkhead box P3 (FoxP3) staining was measured in CD25"¢" populations using selected gates in which FoxP3 was
brightly expressed in the CD25"¢" Treg population (shadowed) while it was negative in CD25™ and CD25- populations (line). FITC indicates fluorescein

isothiocyanate; PerCP, peridinin-chlorophyl proteins.
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Table 2. Comparison of Regulatory T cells, Interleukin (IL) 10 and IL-12 in
Patients With Warm Autoimmune Hemolytic Anemia and Healthy Controls?

Table 3. Paired t Test Results for Basal Interleukin (IL) 12 and LPS-
stimulated IL-12 Cultures in Patients With Warm Autoimmune Hemolytic
Anemia and Healthy Controls?

Parameter Patients Controls
(n=27) (n=15) Parameter Mean (SD) t P
CD4*CD25" FoxP3,%  4.63(10)  9.76 (0.78) <001 Controls
Basal IL-10, pg/mL 132 (19.1) 184 (1.9) <001 Basal IL-12 0.46 (0.06) 309 001°
LPS-stimulated IL-10, LPS-stimulated IL-12 240.3)
pg/mL 834.9 (169) 728 (88) <05 Patients
Basal I_L—12, pg/mL 1.2(0.3) 0.46 (0.06) <01 Basal IL-12 12(03) 92 17
LPS-stimulated IL-12, LPS-stimulated IL-12  1.59 (1.62)
pg/mL 159(162) 24(03) 26 © ~7 (1

Data are expressed as mean (SD) unless otherwise indicated.
bP<.05, significant; P<.01, highly significant; P<.001, very highly
significant.

cells in peripheral blood in patients than in controls (4.63%
[1.0%] vs 9.76% [0.78%]; P<.001).

IL-10 and IL-12 are primarily secreted by monocytes,
not T cells. We evaluated the levels of these cytokines in
RPMI culture medium before and after LPS stimulation (LPS
preferentially stimulates monocytes). Before stimulation,
PBMCs from patients showed a constitutively increased
level of IL-10 compared to controls (132 [19.1] vs 18.4
[1.9], P<.001). With stimulation, the levels increased 6-fold
in patients (843 [169]) and 70-fold in controls (728 [88]),
minimizing the difference between the 2 groups (P<.05)
(Table 2). The levels after LPS stimulation were significantly
higher than the basal levels in both the patient group (P<.01)
and the control group (P<.001) (Table 3).

Abbreviation: LPS, lipopolysaccharide.
AVery highly significant.

Table 4. Paired t Test Results for Basal Interleukin (IL) 10 and LPS-
stimulated IL-10 Cultures in Patients With Warm Autoimmune Hemolytic
Anemia and Healthy Controls?
Parameter Mean (SD) t p:

Controls

Basal IL-10 184(1.9) 294 <001

LPS-stimulated IL-10 728 (88)
Patients

Basal IL-10 132 (19.1) 229 <01

LPS-stimulated IL-10 834.9 (169.7)

Abbreviation: LPS, lipopolysaccharide.
3<.01, highly significant; P<.001, very highly significant.
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In unstimulated culture media, IL-12 production was Discussion

significantly greater in patients (1.2 [0.3]) than in controls (0.46
[0.06]) (P<.01) (Table 2). In LPS-stimulated culture media, in
contrast, there was no significant difference between patients
and controls (1.59 [0.62] vs 2.40 [0.3]) (P=.26). The difference
in levels before and after LPS stimulation was significant in
controls (P<.001) but not in patients (P=.17) (Table 4).

Correlations

In the group of patients, there was a significantly
negative correlation between the percentage of nTregs and
RC (P<.05) and a significantly positive correlation between
the percentage of nTregs and Hp (P<.05). The correlation
between IL-10 levels (both basal and LPS-stimulated) and
the percentage of nTregs was significantly negative (P<.05).
For RC, the correlations with basal and LPS-stimulated IL-
10 were significantly positive (P<.001) while for Hp, they
were significantly negative (P<.01 for basal IL-10 and P<.05
for LPS-stimulated IL-10) (Figures 2 and 3). Basal IL-10,
LPS-stimulated IL-10, and the percentage of nTregs were not
found to be significantly correlated with hemoglobin, serum
bilirubin, or LDH levels. No significant correlations were
observed between either basal or LPS-stimulated IL-10 and
any of the other parameters studied. Finally, in the control
group, no statistically significant correlations were observed.

© 2011 Esmon Publicidad

nTregs have a potent immunosuppressive function and
contribute to immunologic self-tolerance by suppressing
potentially autoreactive T cells [14]; although they are
considered to play an important role in the pathogenesis of
AIHA in animal models, their role in human AIHA remains
unexplored.

Our findings showed that patients with wAIHA had a
significantly decreased percentage of CD4* nTreg cells in
peripheral blood compared to healthy controls, suggesting
that these cells have a specific role in the pathogenesis of the
disease. It is important to recall that the Tregs in our patients
were not diluted with activated CD25* effector T cells.
Although it is difficult to rule out this possibility entirely,
the approaches taken and the results obtained make it quite
unlikely. First, the brightest (CD25"e") cells were gated
using MFI to exclude activated T cells, which usually have
intermediate CD25 expression. Second, only Tregs expressing
FoxP3 were analyzed and counted [15,16]. In this regard,
Fontenot et al [17] reported that FoxP3 is a unique marker
of nTregs, distinguishing them from activated CD4*CD25*
T cells and playing a pivotal role in their development and
maturation. Torgesron [18] also showed that nTregs in the
peripheral blood of healthy humans preferentially resided

J Investig Allergol Clin Immunol 2011; Vol. 21(4): 297-304
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within the CD4*CD25"¢" T-cell population. In our study, nTregs
were defined as CD4*CD25"¢"Foxp3* cells (flow cytometry
enrichment of Foxp3* cells at the transcriptional level has been
confirmed by reverse transcription polymerase chain reaction [19]).
Our results support findings of previous studies of animal and
human autoimmune diseases. Mqadmi et al [20], for example,
analyzed the role of nTregs in a murine AIHA model and
showed that a depletion of Tregs resulted in an increase in
the incidence of disease from 30% to 90% [20]. Additionally,
several recent studies of human autoimmune disorders have
reported decreased levels of circulating CD4*CD25* Tregs in
patients with acute and chronic idiopathic thrombocytopenic
purpura [21], multiple sclerosis [22], SLE [23], autoimmune
liver disease [18], and rheumatoid arthritis [24]. Other studies
have identified functional abnormalities in Tregs with regard
to their suppressive capacity [25,26]. Yan et al [26], for
example, found that Tregs in patients with rheumatic arthritis
showed decreased in vitro activity in terms of suppressing the
production of IFN-y and TNF-a by CD25- T cells, which may
contribute to ongoing inflammation.

Treg-mediated suppression is suspected to be either
contact-dependent, driven by soluble factors, or fueled by
IL-2 in a passive manner. Contact-dependent suppression
involves interaction between cytotoxic T lymphocyte antigen-4
(CTLA-4) or transforming growth factor (TGF) B on Tregs
and cognate receptors on the target cell, B7 (CD80/86) and
TGF-B RII, respectively [27]. This direct physical interaction
may result in the suppression or death of the target cell
through granzyme B secretion [28]. Ward et al [29] reported that
blockage of CTLA-4 expression by regulatory CD4*CD25*T cells
but not by CD4*CD25°T cells leads to the development,
acceleration, or exacerbation of autoimmune disease in mice.
In the passive mechanism, nonregulatory T cells produce
IL-2 upon activation, fueling the expansion of Tregs and their
acquisition of suppressor function. As the IL-2 receptor alpha
chain I (CD25) on the surface of Tregs binds its ligand (IL-2),
the cytokine is also sequestered from the nonregulatory T-cell
population, meaning that effector T cells are deprived of this
essential growth factor [30]. Regardless of the mechanism,
the degree of Treg-mediated suppression is dependent on
the frequency of CD4*CD25* T cells, access to sufficient
concentration of antigen presented by antigen-presenting cells,
and localization with effector T-cell targets. The cytokine
environment required to support Treg growth, maintenance,
and activation of suppressor function in the periphery at the
time of antigen encounter is also critical [31].

We found a close association between the percentage
of nTregs and parameters known to reflect the degree of
hemolysis: RC and Hp. These findings raise the possibility that
nTregs may regulate disease phenotype, particularly in relation
to degree of hemolysis. In this respect, Lin et al [32] found
that expression of circulating CD4*CD25* Tregs derived from
SLE patients inversely correlates with disease activity. Zhang
et al [33] also found that the percentage of circulating Tregs
in SLE decreased during active disease and that the extent of
the decrease correlated with disease severity.

In the present study, IL-10 and IL-12 production was
significantly higher in wAIHA patients than in controls prior
to stimulation of the culture medium with LPS; this may be
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related to the high basal activation state in the patient group.
This significant difference was not maintained following LPS
stimulation, indicating a state of cell exhaustion. Absence of
IL-12 response to LPS stimulation could be also ascribed to
the suppressive effect of IL-10 on IL-12 producer cells. Our
results are in agreement with those of Toriani-Terenzi et al [34],
who reported increased basal synthesis of IL-10 and levels of
IL-12 in 55% of AIHA PBMC cultures compared to controls.
The authors concluded that the production of autoantibodies
in ATHA may be secondary to the imbalance between IL-10
and IL-12.

We also found that IL-10 levels were strongly correlated
with RC and Hp. An explanation to this can be found in a
study by Liorent et al [35], which reported that the continuous
administration of anti IL-10 antibodies delays the onset of
autoimmunity of SLE in experimental animals due to elevation
of TNF-a; IL-10 administration, in contrast, was found to
accelerate disease progress. Since recombinant IL-10 strongly
inhibits the in vitro production of IL-12 in PBMC cultures from
patients with SLE and healthy controls [36], and since IL-12
inhibits in vitro antibody production by lupus PBMCs and
downregulates IL-10 production, it has been suggested that
IL-10 and IL-12 might form an immunoregulatory circuit that
can regulate the development and maintenance of autoimmune
diseases [37].

Assignificant inverse correlation was observed in this study
between the percentage of CD4* nTregs and IL-10 levels in
both basal and LPS-stimulated PBMC cultures. This could be
attributed to paucity in the suppressive potential of nTregs in
terms of cytokine production owing to their reduced number.
Ward et al [29] described autoantigen-specific, [1-10-secreting
Treg clones recovered ex vivo from a patient with ATHA.
They found that Treg levels decreased markedly with predominant
secretion of IL-10 and little IFN-y or IL-4 when the cells were
specifically activated with peptide or Rh protein. Franzle et al [38]
reported that Tregs are able to inhibit T-cell proliferation
and cytokine production and play critical roles in preventing
autoimmunity in different autoimmune diseases [38]. It has
also been postulated that cytokine production is closely linked
and inversely correlated to FoxP3 expression on nTregs [39].

To conclude, although there may be multiple factors that
contribute to the induction of AIHA, our data indicate that a
reduced percentage of nTreg cells and IL-10/IL-12 imbalance
may play an essential role in the onset and/or maintenance of
this autoimmune disease. Of the various kinds of Tregs, nTregs
have been found to play an important role in autoimmune
diseases. Further investigations into AIHA syndrome hold the
promise of identifying new molecular defects that will further
elucidate basic mechanisms of self-tolerance and provide new
targets for therapy.

References

1. Packman CH. Hemolytic anemia due to warm autoantibodies.
Blood Rev. 2008; 22:17-31.

2. Dierickx D, De Rycke A, Vanderschueren S, Delannoy A. New
treatment options for immune-mediated hematological
disorders.Eur J Intern Med.2008;19:579-86.

© 2011 Esmon Publicidad



nTregs in Autoimmune Hemolytic Anemia

303

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Stahl D, Sibrowski W. Warm autoimmune hemolytic anemia is an

IgM-IgG immune complex disease. Autoimmun. 2005; 25:272-782.

. Jonuleit H, Schmitt E, Stassen M, Tuettenberg A, Knop J, Enk

AH, lIdentification and functional characterization of human
CD4(+) CD25(+) T cells with regulatory properties isolated
from peripheral blood. J Exp Med. 2001; 193:1285-94.

. Becker C, Stoll S, Bopp T, Schmitt E, Helmut J. Regulatory T cells:

present facts and future hopes. Med Microbiol Immunol. 2006;
195:113-24.

. Dejaco C, Duftner C, Grubeck-Loebenstein B, Schirmer M.

Imbalance of regulatory T cells in human autoimmune diseases.
Immunology. 2006; 117: 289-300.

. Ng WF, Duggan PJ, Ponchel F, Matarese G, Lombardi G, Edwards

AD, Isaacs JD. Human CD4(+)CD25(+) cells: a naturally occurring
population of regulatory T cells. Blood. 2001; 9:2736-44.

. Baecher-Allan C, Wolf E, Hafler DA. Functional analysis of

highly defined FACS isolated populations of human regulatory
CD4(+)CD25(+) T cells. Clin Immunol. 2005; 115:10-18.

. Horwitz DA, Gray JD, Behrendsen SC, Kubin M, Rengaraju M,

Onhtsuka K, Trinchieri G. Decreased production of IL-12 and
other Th1-type cytokines in patients with recent onset systemic
lupus erythematosus. Arthritis Rheum. 1998; 41:838-44.
Viallard JF, Pellegrin JL, Ranchin V, Schaeverbeke T, Dehais J,
Longy-boursier M, Ragnaud JM, Leng B, Moreau JF. Thl and
Th2 cytokine production by peripheral blood mononuclear cells
from patients with systemic lupus erythematosus. Clin Exp
Immunol.1999; 115:189-95.

Adorini L. The pathogenic role of IL-12 in TH1-mediated
autoimmune diseases. Immunol Immunopharm. 2000; 20: 29-35.
Sattler A, Wagner U, Rossol M, Sieper J, Wu P, Krause A, Schmidt
WA, Radmer S, Kohler S, Romagnani C, Thiel A. Cytokine-induced
human IFN-gamma-secreting effector-memory TH cells in chronic
autoimmune inflammation. Blood. 2009; 26:113:1948-56.
Strauss L, Bergmann C, Szczepanski M, Gooding W, Johnson J T,
Whiteside TL. A unique subset of CD4(+)CD25""Foxp3* T cells
secreting IL-10 and TGF-R1 mediates suppression in the tumor
microenvironment. Clin Cancer Res. 2007; 13: 4345-54.
Workman CJ, Szymczak-Workman AL, Collison LW, Pillai MR,
Vignali DA. The development and function of regulatory T cells.
Mol Life Sci. 2009; 66: 2603-22.

Baecher-Allan C, Brown JA, Freeman GJ, Hafler DA. CD4(+)
CD25high regulatory cells in human peripheral blood. J
Immunol. 2001;167:1245-53.

Sakaguchi S, Ono M, Setoguchi R, Yagi H, Hori S, Fehervari Z,
Shimizu J, Takahashi T, Nomura T. Foxp3+ CD25(+) CD4(+)
natural regulatory T cells in dominant self-tolerance and
autoimmune disease. Immunol Rev. 2006;212: 8-27.
Fontenot JD, Rudensky AY. A well adapted regulatory
contrivance: regulatory T cell development and the forkhead
family transcription factor Foxp3. Nat Immunol. 2005; 22: 32-9.
Torgerson TR. Regulatory T cells in human autoimmune
diseases. Springer Semin Immunopathol. 2006; 28: 63-76.
Lanteri MC, O’Brien KM, Purtha WE, Cameron MJ, Lund JM,
Owen RE: Tregs control the development of symptomatic West
Nile virus infection in humans and mice. J Clin Invest. 2009;
119: 3266-77.

Mgadmi A, Zheng X, Yazdanbakhsh K. CD4+CD25+ regulatory
T cells control induction of autoimmune hemolytic anemia.
Blood. 2005; 105: 3746-8.

© 2011 Esmon Publicidad

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

Zhang XL, Peng J, Sun JZ, Liu JJ, Guo CS, Wang ZG, Yu Y, Shi Y,
Qin P, Li SG, Zhang LN, Hou M. De novo induction of platelet-
specific CD4+CD25+ regulatory T cells from CD4+CD25- cells
in patients with idiopathic thrombocytopenic purpura. Blood.
2009; 11: 2568-77.

Lassmann H, Bruck W, Lucchinetti CF. The immunopathology of
multiple sclerosis: an overview. Brain Pathol .2007; 17:210-8.
Suen JL, Li HT, Jong YJ, Chiang B and Yen JH. Altered homeostasis
of CD4+ FoxP3+ regulatory T-cell subpopulations in systemic
lupus erythro-matosus. Immunology. 2008; 8:107-23.
Ma6ttonen M, Heikkinen J, Mustonen L, Isoméki P, Luukkainen
R, Lassila O. CD4+ CD25+ T cells with the phenotypic and
functional characteristics of regulatory T cells are enriched in
the synovial fluid of patients with rheumatoid arthritis. Clin Exp
Immunol. 2005 ;140: 360-7.

Bacchetta R, Passerini L, Gambineri E, Dai M, Allan SE, Perroni
L, Dagna-Bricarelli F, Sartirana C, Matthes-Martin S, Lawitschka
A, Azzari C, Ziegler SF, Levings MK, Roncarolo MG. Defective
regulatory and effector T cell functions in patients with FOXP3
mutations. J Clin Invest. 2006; 116:1713-22.

Yan B, Ye S, Chen G, Kuang M, Shen N, Chen S. Dysfunctional
CD4+,CD25+ regulatory T cells in untreated active systemic
lupus erythematosus secondary to interferon-alpha producing
antigen-presenting cells. Arthritis Rheum. 2008; 58:801-12.
Tang Q, Boden EK, Henriksen KJ, Bour-Jordan H, Bi M, Bluestone
JA. Distinct roles of CTLA-4 and TGF-beta in CD4+CD25+
regulatory T cell function. Eur J Immunol. 2004; 34:2996-3005.
Nakamura K, Kitani A, Strober W. Cell contact-dependent
immunosuppression by CD4(+)CD25(+) regulatory T cells is
mediated by cell surface-bound transforming growth factor
beta. J Exp Med. 2001;194: 629-44.

Ward FJ, Hall AM, Cairns LS, Leggat AS, Urbaniak SJ, Vickers
MA, Barker RN. Clonal regulatory T cells specific for a red blood
cell autoantigen in human autoimmune hemolytic anemia.
Blood. 2008; 15: 680-7.

Setoguchi R, Hori S, Takahashi T, Sakaguchi S. Homeostatic
maintenance of natural Foxp3+ CD25+ CD4+ regulatory T cells
by interleukin (IL)-2 and induction of autoimmune disease by
IL-2 neutralization. J Exp Med. 2005; 201:723-35.

Zwar TD, van Driel IR, Gleeson PA. Guarding the immune system:
suppression of autoimmunity by CD4+CD25+ immunoregulatory
T cells. Immunol Cell Biol. 2006; 84: 487-501.

Lin SC, Chen KH, Lin CH, Kuo CC, Ling QD, Chan CH. The
quantitative analysis of peripheral blood FOXP3- expressing T
cells in systemic lupus erythematosus and rheumatoid arthritis
patients. Eur J Clin Invest. 2007; 12:987-96.

Zhang B, Zhang X, Tang FL, Zhu LP, Lui Y, Lipsky PG. Clinical
significance of increased CD4+CD25+ Foxp3+ T cells in
patients with new onset systemic lupus erythematosus. Ann
Rheum Dis. 2008; 7:1037-40.

Toriani-Terenzi C, Pozzetto U, Bianchi M, Fagiolo E. Cytokine network
in autoimmune haemolytic anaemia; new probable targets for
therapy. Cancer Detection and Prevention. 2002; 26: 292-8.
Liorente L, Richaud-Patin Y, Garcia-Padilla C, Claret E, Jakez-
Ocampo J, Cardiel MH, Alcocer-Varela J, Grangeot-Keros L,
Alarcon-Segovia D, Wijdenes J, Galanaud P, Emilie D. Clinical
and biologic effects of anti-interleukin-10 monoclonal antibody
administration in systemic lupus erythematosus. Arthr Rheum.
2000; 43:1790-1800.

J Investig Allergol Clin Immunol 2011; Vol. 21(4): 297-304



304 E Ahmad, et al

36. Fagiolo E, Toriani-Terenzi C. Th1 and Th2 cytokine modulation
by IL-10/IL-12 imbalance in autoimmune hemolytic anemia.
Autoimmunity. 2002; 35:39-44.

37. Toriani-Terenzi C, Fagiolo E. IL-10 and the Cytokine Network
in the Pathogenesis of Human Autoimmune Hemolytic Anemia.
Ann. N.Y. Acad. Sci. 2005; 1051: 29-44.

38. Franzke A, Hunger JK, Dittmar KE, Ganser A, Buer J. Regulatory
T-cells in the control of immunological diseases. Ann Hematol.
2006; 85: 747-58.

39. Hoyer KK, Kuswanto WF, Gallo E, Abbas AK. Distinct roles of
helper T-cell subsets in a systemic autoimmune disease. Blood.
2009; 113: 389-95.

J Investig Allergol Clin Immunol 2011; Vol. 21(4): 297-304

I Manuscript received September 20, 2010; accepted for
publication, January 19, 2011.

E Ibrahim Ahmad

Clinical Pathology Department

Zagazig University, Faculty of Medicine

Zagazig, Egypt, 44519
E-mail: eibkhalil@gmail.com

© 2011 Esmon Publicidad



