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Previous studies have demonstrated the expression of the CD25 marker on the 
surface of naturally occurring T cells (Tregs) of mice, which have a self-reactive 
cellular profile. Recently, expression of other markers that aid in the identification 
of these cells has been detected in lymphocyte subtypes of individuals suffering 
of autoimmune and idiopathic diseases, including: CD25, CTLA-4 (cytotoxic 
T-lymphocyte antigen 4), HLA-DR (human leukocyte antigen) and Interleukin 
10 (IL-10), opening new perspectives for a better understanding of an association 
between such receptors present on the cell surface and the prognosis of 
autoimmune diseases. The role of these molecules has already been described in 
the literature for the modulation of the inflammatory response in infectious 
and parasitic diseases. Thus, the function, phenotype and frequency of expression 
of the α-chain receptor of IL-2 (CD25) and IL-10 in lymphocyte subtypes were 
investigated. Murine models have been used to demonstrate a possible correlation 
between the expression of the CD25 marker (on the surface of CD4 lymphocytes) 
and the control of self-tolerance mechanisms. These studies provided support 
for the presentation of a review of the role of cells expressing IL-2, IL-10, HLA-DR 
and CTLA-4 receptors in the monitoring of immunosuppression in diseases 
classified as autoimmune, providing perspectives for understanding peripheral 
regulation mechanisms and the pathophysiology of these diseases in humans. 
In addition, a therapeutic approach based on the manipulation of the phenotype 
of these cells and ways of scintigraphically monitoring the manifestations of 
these diseases by labeling their receptors is discussed as a perspective. In this 
paper, we have included the description of experiments in ex vivo regulation of 
IL-10 and synthesis of thio-sugars and poly-sugars to produce radiopharmaceuticals 
for monitoring inflammation. These experiments may yield benefits for the 
treatment and prognosis of autoimmune diseases. 
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Introduction
The immune system is orchestrated by a complex network 
of components interconnected by cells with their various 
receptors, secreted mediators, expressed molecules, acti-
vated biochemical pathways and other components that, 
together and at different anatomical sites, enable the body 
to respond to different antigenic stimuli.1,2 Generally, the 
responses are triggered by the interaction of exogenous 
antigens with the antigen-presenting cells, strategically 

addressed and responsible for antigen capture, transport 
and processing. Often, the defense strategy becomes per-
manent, conferring an immunological memory, capable 
of ensuring better response efficiency in later exposures.1,2

With the diversity of potential antigenic exposures, 
only a highly adaptive immune system is able to distin-
guish and respond to the various antigenic sequences 
found. The rationale for recognition of this system is the 
product of random recombination of gene segments that 
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generate lymphocytes with enormous receptor diversity. 
Such receptors characterize the cell phenotype of the 
lineage. The type and number of receptors are directly 
linked to the response to the different antigens (Ag). 

The functions of the immune system include regula-
tory abilities, the mechanism responsible for ensuring that 
responses to antigens do not reach pathological and in-
hibitory levels, so that the immune system is not unduly 
activated against its own antigens, producing autoimmune 
disorders. Central tolerance is induced in the primary 
lymphoid organs, as a consequence of the recognition of 
autoantigens by immature T lymphocytes. To perform 
the proper protective function, multiple T-cell clones with 
wide antigen recognition diversity undergo a rigorous 
selection and thymic maturation process that occurs by 
recognizing their own peptides linked to major histocom-
patibility complex (MHC) molecules. The ability to dis-
tinguish between self and non-self antigens is defined as 
immunological tolerance and is critical to avoid intense 
self-recognition that can lead to pathological autoimmune 
responses. Therefore, autoreactive thymocytes that recog-
nize autoantigens with high affinity are eliminated by 
clonal deletion in the thymus.3,4 While this is an efficient 
mechanism, it is known that some autoreactive cells can 
dodge this barrier and leave the thymus, and can be acti-
vated in the periphery with potential to generate autoim-
munity. The fact that autoreactive cells can be detected in 
the periphery clearly demonstrates that the thymic selec-

tion mechanism responsible for the elimination of auto-
reactive T cell clones is incomplete.4,5 In this case, how can 
we ensure that such autoreactive cells will not be reacti-
vated, promoting a break in tolerance and thus the emer-
gence of autoimmune diseases? In other words, the immune 
system needs different, redundant features to ensure that 
potential autoimmune responses do not occur.

Peripheral tolerance mechanisms have been described 
in CD4+ T cells and occur through anergy, clonal deletion 
and T cell suppression. Anergy may be induced during 
the Ag recognition process by T cells when: a) antigen 
presenting cells (APCs) do not express co-stimulatory 
molecules, thus rendering T cells incapable of responding 
to Ag; or b) when T cells express inhibitory receptors. In 
clonal deletion, there is repeated stimulation of T cells 
by antigens, resulting in cell death by apoptosis. The 
mechanism of suppression would be exerted by regula-
tory T cells (Tregs). Tregs represent a subpopulation of T 
lymphocytes characterized by the expression of CD25+ 
molecules and the nuclear factor Foxp3. The Foxp3 factor 
induces suppression of effector T cells, blocking the ac-
tivation and function of these lymphocytes, thus being 
important in the control of the immune response to self 
and non-self antigens.3 The activation regulation can best 
be understood from Figure 1.

It is possible that autoimmune disorders may be as-
sociated with failure to eliminate or inactivate high-af-
finity autoreactive cell clones during their ontogeny, and 
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FIGURE 1  Regulation of T cell activation mediated by Foxp3. A. Signaling in effector CD4+ T cells. The binding of the T cell receptor (TCR) 

and the CD28 co-stimulatory molecule leads to the activation of the signaling pathways, resulting in the translocation of NFAT (nuclear factor of 

activated T cells) and AP1 (activator protein 1), with subsequent transcription of the IL-2 (interleukin 2) gene. B. Model of direct regulation of 

TCR mediated by Foxp3 signaling. In this model, the Foxp3 factor blocks TCR signaling through the inhibition of activation mediated by NFAT, 

NF5-κB and AP1. C. Indirect regulation model of TCR signaling: Foxp3 factor modulates TCR signaling through the expression of a factor that can 

inhibit TCR-induced signals. (Adapted from Campbell and Ziegler.6)

Protein X

Cytosol

Nucleus Nucleus

IL-2 gene IL-2 gene

Nucleus

Cytosol Cytosol



Falcão and Campos

1092�R ev Assoc Med Bras 2017; 63(12):1090-1099

there may or may not be the failure of the immune system 
to control autoreactive intermediate affinity clones that 
have escaped to the periphery.5,7 In this context, cells with 
a cellular response regulation function are fundamental 
and are also important in the modulation of the pro-
cesses of eliminating pathogen and tumor antigen. These 
mechanisms occur with destruction of self tissues, expo-
sure of autoantigens and production of pro-inflamma-
tory cytokines, which, unless regulated, favor the induc-
tion and maintenance of autoimmune events. To exercise 
their function, the fundamental property of Tregs is the 
ability to: i) produce cytokines with the cellular response 
modulating function of TGF-β; and ii) induce cell-cell 
contact-mediated suppression. These soluble substances 
act in a complex network of regulatory mechanisms de-
signed to ensure the modulation of immunological re-
sponses to the various antigens derived from infectious 
agents, tumors, autoantigens and allergens. Among T 
cells, several subpopulations exhibit regulation properties 
for exacerbated inflammatory response, such as IL-10-pro-
ducing Tregs, which suppress some cytotoxic T cell re-
sponses in vivo,5,7-10 including: CD8+CD28- T cells, CD56+ 
T cells, γδ T cells11-13 and CD4-CD8- T cells.13 In addition 
to T cells, there are other cell subtypes that have been 
described with such properties. IL-10-producing CD1+ B 
cells are among them.14

Particularly among Tregs, there has been a strong em-
phasis on naturally-occurring T cells (CD4+CD25+ T cells), 
as described by Sakaguchi et al.,15 which are potentially 
capable of suppressing activation, proliferation and/or 
effector function of CD4+and CD8+ T cells, and, possibly, 
NK cells, NK/T, B lymphocytes and dendritic cells.15 Tregs 
are indispensable for the maintenance of tolerance mech-
anisms and knowledge of their functions is fundamental 
for understanding the pathophysiology of autoimmune 
diseases and to subsidize the strategies of interference in 
the mechanisms of recovery of tolerance in these patholo-
gies. The need to review basic knowledge about CD4+CD25+ 
T cells, their role in different rheumatic diseases, and the 
prospects of advancement in the treatment of autoim-
mune diseases through the manipulation of these cells 
is therefore justified.

Naturally occurring T cells are related to the mainte-
nance of self-tolerance and are very important for the main-
tenance of homeostasis of the immune system.16 Tregs are 
involved in the inhibition of the activation and expansion 
of autoreactive lymphocytes in the peripheral tissues and 
present an inhibitory capacity with a proven role in the 
negative regulation of the immune response also against 
exogenous antigens and autoantigens.17-19 Currently, Tregs 

have been investigated for their role in the immunomodu-
lation of responses in inflammatory, neoplastic, autoim-
mune syndromes and also in transplant rejection, in the 
hope of opening other therapeutic perspectives to control 
exacerbated immune responses without the induction of 
anergy or nonresponsiveness, but by activating cellular 
function.20-23 Early reports on cell subtypes specialized in 
regulating the immune response occurred in the 1970s, 
when it was shown that some subtypes of T lymphocytes 
were able to suppress the development of autoimmune 
diseases.24 Later, other authors1,15 demonstrated the con-
stitutive labeling of the α-chain receptor of IL-2 (CD25) 
by CD4+ T lymphocytes and attributed to it a role in the 
suppression of autoimmune diseases in mice. Proof of this 
role was possible by the removal of CD25+ splenocytes in 
healthy rodents, triggering autoimmune disorders such as 
thyroiditis, insulinitis, polyarthritis, glomerulonephritis, 
and graft versus host disease. It was also demonstrated that 
adoptive transfer of this population inhibited autoimmu-
nity in experimental models.15,25 

Interest in the study of Tregs is due to the key function 
of this cellular population in the maintenance of the mech-
anisms of self-tolerance and in the regulation of the im-
mune response.20 CD4+CD25+ T lymphocytes represent 5 
to 10% of total CD4+ cells in peripheral blood.25-27 Evidence 
obtained in later studies shows that CD4+CD25+ thymo-
cytes are selected in the thymus from interactions with 
proper peptides presented by MHC-II molecules.27 Positive 
selection of these cells depends on high-affinity interac-
tions with autoantigens expressed on MHC molecules.28 
The mechanism by which CD4+CD25+ T cells escape 
negative selection is still controversial, but it is believed 
that these, once positively selected through high affinity 
recognition of their own peptides, produce anti-apoptot-
ic molecules that protect them from negative selection.29 
Treg cells, besides the thymic generation, can be induced 
in the periphery by the action of specific soluble factors 
on naïve cells that have just left the thymus. 

Annunziato et al.30 evaluated phenotypic and func-
tional characteristics of human thymus cells and have 
demonstrated that these cells respond to chemotactic 
signals from macrophages and epithelial cells constitutive 
of the thymus itself, and that are capable of expressing 
CD4+, CD25+ and mTGF-β1, as well as molecules direct-
ly with immunosuppressive function, such as CTLA-4. 
These cells had low production of IL-10 and none of IL-2, 
IL-4, IL-5, IL-13 and IFN-U.30,31 In addition to thymus, 
human Treg cells were isolated in other microenvironments, 
such as secondary lymphoid organs, e.g., tonsils and spleen, 
as well as umbilical cord blood.1 Also, CD4+CD25+ T cells 
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present in the thymus have been reported as naïve cells 
that become activated and express a memory phenotype 
when they exit toward the periphery.32

Studies by Sakaguchi et al.15,16 had already character-
ized the T-cell phenotype based only on the constitutive 
expression of the CD4 and CD25 markers, although it is 
known that any other CD4+CD25- cell may, after being 
activated, begin to transiently express the CD25 molecule. 
In humans, CD4+ T cells have differentiated profiles of 
CD25 receptor expression, with differentiated intensities 
detected in the medium channel of fluorescence, so that 
it is possible to identify, in the “gate” in CD4+CD25+ cells, 
a more abundant population, expressing low levels of 
CD25, and a lower percentage of CD4, with high inten-
sity of expression of this receptor.27,33 This last population, 
with intense expression of CD25, corresponds to the pool 
of this subpopulation. However, there is limitation of the 
CD25 receptor as a Treg

20 phenotypic marker. The current 
strategy for isolation and characterization of Tregs is based 
on the recognition of this marker. CD25 also represents, 
in the physiology of this cell, an indispensable component 
for its generation and maintenance in the organism. 

As previously mentioned, regarding the biomolecular 
approach, researchers6,15 have demonstrated that transcrip-
tion factor Foxp3 is predominantly expressed by thymic 
and peripheral Tregs.6,15 Naïve T cells transfected with Foxp3 
mRNA acquire characteristic of regulatory cells becoming 
anergic and suppressive in vitro. It was further observed 
that the transfected cells acquired Treg-like phenotype 
in relation to phenotypic expression and the production 
of cytokines and other T-related molecules such as CD25, 
CTLA-4, CD103 and GITR. Transfected cells also have 
the ability to suppress the proliferation of other T cells and 
to inhibit the development of autoimmune disease and 
inflammatory vessel disease in vivo.6,34 It has also been 
shown that the number of Tregs is increased in mice trans-
genic to Foxp3 and that mice KO for this gene show hy-
peractivation of T cells. According to previous reports,6,15 
Foxp3 appears to be a very important gene in the develop-
ment and function of CD4+CD25+ T cells, both in mice 
and humans. 

Patients with Foxp3 mutation have been shown to 
develop IPEX syndrome (immune dysregulation, polyen-
docrinopathy, enteropathy, X-linked syndrome). This 
condition consists of an autoimmune disorder that affects 
multiple organs with development of allergy and inflam-
matory vessel disease. These patients appear to be impaired 
in terms of the development of Tregs, thus presenting de-
fective suppression function, which induces a state of 
hyperactivation of T cells that become reactive against 

autoantigens, commensal bacteria of the intestine or in-
nocuous environmental antigens.20 Most T cells express-
ing Foxp3 are CD4+ CD25+high and CD4+CD25+low, that is, 
cells with high expression of CD25 and cells with low 
expression of CD25 that are capable of suppressing T cell 
proliferation with the same intensity.

Later, Seddiki et al.35 demonstrated that anti-CD127 
monoclonal antigen is able to clearly mark the population 
of Tregs, with suppressive activity. Previous studies have 
reported that Foxp3 expression did not always correlate 
with the expression of the CD25 molecule.36 Liu et al.37 
found that most CD4+Foxp3+ cells were CD25highCD127low. 

This study demonstrated that CD25CD127 labeling was 
able to accurately indicate a population of suppressor  
T cells with a higher degree of purity, leading to the as-
sumption that CD4+ T cells could actually be signifi-
cantly higher than previously thought. Thus, it is possible 
to distinguish clearly from a population of T cells the 
newly activated effector cells and memory cells, since only 
newly activated T cells have constitutively low expression 
of CD127, whereas memory cells have high expression of 
this marker and the traditional effector cells rapidly re-
express this marker upon activation.35-37 In addition, the 
use of other markers such as CTLA-4 and CD122, although 
also expressed under activation conditions, may aid in 
their characterization. In autoimmune disorders such as 
rheumatoid arthritis (RA), there is a lot of evidence that 
the breakdown of immune tolerance mechanisms begins 
in the thymus with the escape of clones with self-reactive 
potential. In our preliminary studies, we demonstrated 
that the majority of the peripheral blood samples from 
RA patients who were evaluated had the HLA-DR mark-
er. It is known that certain HLA-DR alleles determine 
both the susceptibility to the disease and its severity. These 
determinants, and perhaps others of a genetic nature, may 
be susceptible to an unidentified environmental factor. 
Nevertheless, progression or not to autoimmunity appears 
to be critically and relevantly determined in the periphery. 
Most often, tolerance mechanisms can control the pe-
ripheral activation of autoreactive clones that are elimi-
nated or anergized. When this control is insufficient, 
autoimmune disease manifests itself.

Treg
 cells are responsible for the maintenance of “active” 

mechanisms of suppression and immunoregulation that 
work together with the other mechanisms of peripheral 
tolerance. Several studies have been carried out, evaluating 
the role of T cells in the maintenance of peripheral toler-
ance and the pathophysiology of autoimmune diseases. 
Its relevance in this process has been clearly demonstrat-
ed in murine models in which the absence or depletion 
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of T cells triggers systemic autoimmune diseases with 
high titers of antinuclear antibodies as well as autologous 
organ-specific antibodies.15 Important findings, such as 
defects in function, phenotype and frequency of immu-
noregulatory cells, have been reported in several human 
autoimmune rheumatic diseases, thus evidencing their 
important role in maintaining immunological tolerance 
and in the pathophysiological mechanisms of these dis-
eases. The proportion of Treg

 cells in peripheral blood was 
related to the observation of increased levels in periph-
eral blood and synovial fluid, in addition to the demon-
stration of suppressive activity more powerful than that 
observed in the peripheral ones.38-40 In contrast, normal 
levels of Treg in peripheral blood were also detected in 
some studies. This variability probably stems from dif-
ferences in disease stage, therapy and certainly variations 
in the strategies for characterization of RAs. 

In more recent research, Cao et al.41,42 found that in 
approximately 95% of patients with rheumatic diseases 
that progress with arthritis, such as: RA, juvenile rheuma-
toid arthritis, ankylosing spondylitis, systemic lupus ery-
thematosus (SLE), Behcet’s disease, rheumatic polymyalgia 
and mixed connective tissue disease, all presenting high 
levels of Tregs in the inflamed joint, despite the clinical 
condition and disease time.41,42 These authors suggest that 
Tregs, even if numerically enhanced in inflamed synovium 
and with normal suppressor function, are unable to sup-
press secretion of proinflammatory cytokines by activated 
T cells or monocytes. This may occur because the suppres-
sive action of T lymphocytes would be overcome by other 
lymphocytes with strong activation signals present at these 
sites, including Th1 and Th17 cells.43 This fact is in ac-
cordance with the data presented by Nistala et al.,44 who 
demonstrated that the balance between the populations 
of Tregs and Th17 is inversely correlated and very important 
in the progression of the disease.44 Failure of the Tregs in 
RA was also suggested by Van Amelsfort et al.45 who re-
ported levels and suppressive activity of this increased 
cellular subtype in synovium of RA patients compared to 
the same peripheral blood population. However, inflam-
mation persisted. Monocyte-derived cytokines, such as 
TNF and IL-7, as well as co-stimulatory molecules such 
as CD28, are possibly counteracting factors in the sup-
pression of Tregs in these patients, both in synovial fluid 
and in peripheral blood, preventing suppression.45

Interleukin 10 (IL-10) in autoimmune and 
idiopathic diseases
In earlier preliminary studies, the authors observed that 
in myasthenia gravis (MG), an autoimmune disorder, 

there is an increase in Treg cells in the blood of individuals 
not treated with corticosteroids, and a decrease in CD8+ 
T cells. The population of CD4+IL-10+ T cells obtained by 
Ficoll gradient separation and fluorescently labeled with 
monoclonal antibodies was significantly increased, with 
a significant reduction of clinical symptoms. In this case, 
IL-10 in association with CD25 appears to exert periph-
eral tolerance control. Studies by Falcão et al.46 had already 
demonstrated a role of this cytokine in controlling exac-
erbated responses in infectious-parasitic diseases. In schis-
tosomiasis mansoni, asymptomatic patients have a high 
IL-10 profile, together with other molecules such as HLA-DR 
and other co-stimulatory molecules. However, in another 
study, the authors reported that Tregs did not significantly 
express INF-γ and inhibition of T cell proliferation was not 
achieved. Studies have shown that IL-10 inhibits APC ac-
tivation and is related to inflammatory control reactions 
in target tissues.47

In MG, a disease that attacks the postsynaptic portion 
of the neuromuscular junction and is characterized by 
fluctuating muscle weakness, the biological heterogeneity 
investigated for the first time when rabbits with acetyl-
choline receptors were purified to obtain antibodies 
against that receptor has been demonstrated. Immunized 
rabbits had fallen ears and palpebral ptosis (drooping 
eyelid) with improvement at rest and worsening with 
exercise, infections and emotional stress.48 The role of 
these antibodies in the etiology of MG was clearly estab-
lished in the 1970s, when plasmapheresis proved to be 
effective in the removal of antibodies and consequent 
functional improvement for more than 2 months.49,50 
Well-established anatomical changes were also observed, 
including increased neuromuscular junction size and 
decreased post-synaptic membrane length. Other impor-
tant observations have been reported on the role of au-
tologous antibodies in MG, since approximately 50% of 
patients with the disease without Ach anti-receptor anti-
bodies have antibodies against a muscle membrane en-
zyme called muscle-specific tyrosine kinase (anti-Musk). 
Lavrnic et al.48 analyzed 17 patients with this condition, 
observing a higher prevalence of women, predominant 
facial and bulbar involvement and refractoriness to anti-
cholinesterase compounds. Because it is an autoimmune 
disease, other conditions of the same nature may coexist 
in a patient with a diagnosis of MG, and should be 
screened rationally, especially hypothyroidism, hyperthy-
roidism and thymus disease.50 Seventy percent (70%) of 
patients have thymic hyperplasia and approximately 10% 
have thymoma – with potential for malignant behavior, 
which is more common in patients aged 50-70 years.
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As previously mentioned, patients with clinically con-
trolled RA had an increased Treg profile; however, the 
authors found a differential expression of receptors on 
the surface of peripheral blood lymphocytes from indi-
viduals with a diagnosis of MG, with a symptom of mus-
cle weakness, and who were treated with prednisone and 
azathioprine, which are immunosuppressive agents. They 
showed a decreased profile of Tregs and CD4+IL-10, as well 
as increased CD8+CTLA-4+ T cells.51 

As a consequence of previous studies,52 the authors 
also reported the role of these two receptors in idiopathic 
diseases, such as Bell’s palsy. Patients with autologous 
induction of IL-10, obtained through receptor purification, 
have been shown to have clinical improvement as well as 
increased Treg expression. CD4+ T lymphocytes were found 
to present increased expression after one week of induc-
tion. Paralysis affects the facial nerve (cranial nerve VII), 
which results in inability to control the facial muscles on 
the affected side. Several other conditions can also cause 
facial paralysis, for example, brain tumor, stroke and Lyme 
disease. A person may experience pain behind the ear a 
few hours before muscle weakness occurs. Clinical treat-
ment includes prescribing anti-inflammatory drugs such 
as prednisone. Also, as in MG, immunosuppressive treat-
ment has been used and is effective in controlling symp-
toms and reducing exacerbations. Pyridostigmine is re-
served for refractory cases. The different dosages of 
glucocorticoid (daily use, alternating use or pulse thera-
py) do not seem to yield different efficacies.53-55 The re-
ceptor-glucocorticoid complex enters the cell nucleus and 
causes some changes in the DNA that stimulate or repress 
the synthesis of certain tissue proteins. Prednisone is 
particularly effective as an immunosuppressant and alters 
the performance of the immune system, with a decrease 
in mediators for inflammation. This decrease, in certain 
cases, prevents the communication with other cells of the 
immune system that should be recruited in order to 
modulate the inflammatory process through the produc-
tion of physiological proteins, such as interleukin 10 
(IL-10). Prednisone is used in autoimmune and inflam-
matory diseases and, at a given moment, induces immu-
nological immunosuppression states, precisely because 
it prevents the receptors fixed on the surface of the defense 
cells and soluble cofactors from playing their roles in 
cellular activation, considering that the analogous recep-
tors of the drug can share the same ligands of IL-10, pre-
venting its action. Prednisone is biotransformed in the 
liver into prednisolone by the action of the enzyme dehy-
drogenase 11-beta-hydroxysteroid type 1. From 1 to 3 
hours after administration, the drug reaches plasma peaks. 

Its plasma half-life is approximately 3 hours, its biologi-
cal half-life thus being 12 to 36 hours in this case.56

Receptors are surface proteins that bind to external 
signaling molecules of high affinity cells and convert this 
extracellular event into one or more intracellular signals 
that alter the behavior of the target cell. Note that the 
receptors for IL-10 are arranged as two-chain α-tetramers 
(IL-10 receptor α-chain) and two β-chains (IL-10 receptor 
β-chain) (Figure 2). Signaling occurs through interaction 
with Janus kinases. IL-10 belongs to these two receptor 
chains, which associate the Jak-1 and Tyk-2 kinases of the 
Janus family. STAT-3 is the main “downstream” signaling 
molecule induced by IL-10, which is produced mainly by 
regulatory T cells but also by macrophages and keratino-
cytes present in epithelial tissue.1 STAT-3 is expected to 
act to inhibit gene transcription of inflammatory and/or 
autoreactive receptors, forming the STAT complex in as-
sociation with Jak-1 and Tyk-2, with consequent nuclear 
translocation and gene activation, since mRNA of these 
enzymes were detected by RT-PCR, with bands of around 
120KDa, with anti-janus-kinase1. The high expression of 
CD4+CD25+low and CD4+IL-10+ high T cells found after in-
duction of autologous IL-10 can be explained by occupy-
ing both R1 and R2 IL-10 receptors. Also, in many cases, 
the generation of autoreactive antibodies or T cells can also 
be attributed to the role played by infectious agents present 
in the body of the individual, such as bacteria, which lead 
to the generation of antibodies and T cells which, in turn, 
react with many different epitopes of the infectious organ-
ism. If one of these antigens is similar to an autoantigen 
it may result in an autoimmune response.52 

Ex vivo monitoring of IL-10 can be obtained by anal-
ysis of human peripheral blood mononuclear cells, grown 
in vitro and induced by blastogenesis for the production 
of proteins (interleukins), through mitogenic stimulation 
with PHA (phytohemagglutinin). Protocols developed for 
in vitro and in vivo experimental phase were filed with 
patent application PI0206722-6, supported by experiments 
with animal models highly homologous to the human 
genome.52 The protein fraction of IL-10 obtained by PCR 
and purified, free of contaminants can be analyzed by 
electrophoresis and quantified by UV-visible spectrometry. 
The procedure may become a routine.

Falcão et al.52 demonstrated that IL-10 suspensions, ex 
vivo, can be applied at the inflammatory site, connective 
tissue and muscle. In cases of syndromes that render the 
synapses between first-order neurons in the periphery un-
feasible, the application was close to the areas of muscle, 
subcutaneous or intradermal flaccidity.52 Assuming a regu-
lar interval of 10 days between applications, the monitoring 
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of the modulation of the inflammatory profile was per-
formed according to Falcão et al.52 The receptors were iden-
tified by flow cytometry, and their fluorescent histograms 
were prepared so that the absolute number of cell surface 
receptors labeled with the anti-receptor fluorescent mono-
clonal antibody of interest was generated, or the mRNAs 
for genes of the receptors were detected. As a result, they 
found an increase in the production of Tregs, CD4+HLA-DR+, 

a decrease in CD8+CTLA-4+ and an increase in the expres-
sion of IL-10 by Tregs up to the fourth week, with a mean of 
the absolute number of receptors maintained after the sixth 
week. The expression of CD8+INF-γ+ and CD14+INF-γ+ was 
markedly decreased in the samples evaluated. 52

Thus, it is conclusive that the monitoring and ma-
nipulation of proinflammatory interleukins has the po-
tential to assist in the prognosis of anti and pro-inflam-

matory and degenerative changes in situ, monitoring the 
course of the disease. 

Synthesis of tracers for in vivo monitoring 
Image monitoring of symptoms of autoimmune diseases, 
such as RA, is preferable considering that such a technique 
will directly contribute to the accuracy of the diagnosis 
and consequently the establishment of the therapeutic 
mode and its intensity.57 The accurate definition of the 
site with a design of the inflammatory focus is relevant 
in the choice of therapeutic management in RA.58 Radio-
logical imaging, radiography, computed tomography, 
nuclear magnetic resonance or ultrasound may favor an 
analysis of the deleterious effects on the anatomical struc-
tures in the peripheral joints.59 However, such images do 
not aid in the early analysis of RA. Scintigraphy, on the 
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other hand, may promote an early diagnosis of inflamma-
tory processes by monitoring the early stages of inflam-
mation. Thus, radioisotope scintigraphy is expected to 
contribute to the diagnosis of RA by monitoring func-
tional and physiological changes at the inflamed site 
before anatomical structural changes consequent to RA 
can become apparent.60

Positron-emitting fluoride-18-labeled deoxy-glucose 
(FDG) is a radiopharmaceutical used in positron emission 
(PET) scintigraphy. The compound accumulates in the 
inflammatory site, given the high local metabolism. The 
high supply of leukocytes in the inflamed site leads to 
increased glucose consumption.61 However, due to the 
high cost of production of this 110-minute half-life radio-
pharmaceutical, together with the cost of PET imaging, it 
is currently impracticable to perform systematic clinical 
studies of RA using this technique. Cost reduction or new 
methods and radiopharmaceuticals should be produced 
to enable scintigraphy of RA.61 The use of radiolabeled 
ex-vivo leukocytes is attractive; however, they involve dif-
ficult management with high control of sterility and apy-
rogenicity.62 Although leukocyte scintigraphy radiolabeled 
with 111In and 99mTc is a gold standard for the diagnosis 
of inflammation, the process of marking autologous leu-
kocytes with 99mTc-HMPAO demands manipulation of 
blood samples in aseptic facilities with the reintroduction 
of these samples into the patient.63 Obviously, there is the 
inherent risk of contamination, during manipulation of 
PBMC cells and isolation and labeling of leukocytes.63

A recent patent PI0904754-9, developed by the re-
search group coordinated by the author, has shown that 
Tc-99m-labeled thio-sugar analogues of glucose are effi-
cient in detecting inflammations.64 Previous synthesis 
studies had been successfully performed using 5-thio-D-
glucose; however, due to cost issues, there was a need to 
replace the thio-sugar molecule.65 The importance of 
thio-sugars in inflammations was demonstrated in the 
temporomandibular joint (TMJ) of rats.63 The patent 
involves 5-thio-glucose and 1-beta-thio-D-glucose labeled 
with Tc-99m.64 The results show significant differences 
in the uptake of 99mTc-1-TG in the inflamed TM joint 
compared to the control, with high renal excretion. 
Tc-99m-labeled glucose analogs may become radiophar-
maceuticals important for detection in the monitoring 
of inflammations such as AR due to the low cost and high 
technological feasibility. However, despite the murine 
investigations, there is still a need for clinical investiga-
tions demonstrating its efficiency in the early detection 
of RA and the degree of disease involvement in humans 
before and after immunological treatment. 

Research on the synthesis and characterization of sug-
ars with heavy metals has advanced. Recently, Dalmazio and 
Campos66 demonstrated by mass spectrometry the viability 
of direct labeling of sugar polymolecules with Sm, Gd, B, Li, 
Tc, Sm, Ho, Eu, and other elements. These metal-sugar com-
plexes make it possible to define several tracers for differ-
ent modalities of medical imaging tests. These studies lack 
in vivo experimentation, but already offer a promising per-
spective in the monitoring of autoimmune diseases.

IL-1 and IL-6 interleukins play a crucial role in RA 
and osteoarthritis in the early processes of cartilage break-
down and destruction.65 A significant increase of IL-6 in 
patients with osteoarthritis was identified by Kaneyama 
et al.67 In 2014, in turn, Sukedai et al.68 report the relation  
between TNF-α and cartilage degeneration. These authors 
show that IL-8 is closely involved with the acute phase of 
the inflammatory process. Thus, interleukins, such as 
IL-1, IL-6, IL-8, are proteins with which in vivo monitor-
ing may lead to differential diagnosis of RAs. 

Radiolabeled sugars serve the monitoring of inflam-
mation induced by autoimmune diseases; however, they 
are not specific. It is worth saying that the interleukins 
themselves have high potential for radiolabeling. Rennen 
et al.61,69 performed the labeling of IL-8 with Tc-99m mak-
ing it possible to diagnose inflammation through radiola-
beled interleukins.69 Thus, we conclude that inflammatory 
cytokines are potential markers to aid in the diagnosis and 
prognosis of anti- and pro-inflammatory and degenerative 
changes in situ, monitoring the course of the disease. Ra-
diolabeled cytokines, together with high metabolism label-
ing radiopharmaceuticals, represent a promising class of 
compounds for the evaluation of autoimmune diseases, 
since these proteins play an important role in inducing 
and maintaining the disease process.

Conclusion
The present review addressed cellular markers whose anal-
ysis and modulation may be useful in the treatment of 
autoimmune and idiopathic diseases, as well as in the prog-
nostic monitoring of diseases. It has been noted that the 
ex-vivo monitoring and manipulation of interleukin IL-10 
is relevant for treatment, and that thio-sugars, monossacha-
rides, polysaccharides and radiolabeled interleukins are 
tools for in vivo monitoring of autoimmune and idio-
pathic diseases. Future consolidation of scintigraphic 
methods can help monitor the progression of such dis-
eases. Advances in research on modulation and generation 
of radioactive drugs involving cell markers for diagnosis 
and therapy may bring benefits to patients with autoim-
mune diseases. 
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Resumo

O papel de células T regulatórias, da interleucina 10 e da 
cintilografica in vivo em doenças autoimunes e idiopáticas 

– Perspectivas terapêuticas e prognóstico

Estudos anteriores já haviam demonstrado a expressão do 
marcador CD25 na superfície de células T de ocorrência 
natural (Tregs) de camundongos, que apresentam perfil 
celular autorreativo. Recentemente, foi detectada, em sub-
tipos de linfócitos de indivíduos acometidos por doenças 
autoimunes e de causa idiopática, a expressão de outros 
marcadores, que auxiliam na identificação dessas células, 
entre os quais: CD25, CTLA-4 (cytotoxic T-lymphocyte antigen 
4), HLA-DR (human leucocyte antigen) e Interleucina 10 (IL-10), 
abrindo novas perspectivas para a melhor compreensão de 
uma associação entre esses receptores presentes na super-
fície celular e o prognóstico de doenças autoimunes. O 
papel dessas moléculas já havia sido descrito na literatura 
na modulação da resposta inflamatória em doenças infec-
toparasitárias. Dessa forma, foram investigados a função, 
o fenótipo e a frequência de expressão, do receptor de cadeia 
α da IL-2 (CD25) e de IL-10 em subtipos de linfócitos. O 
modelo murino tem sido utilizado para demonstrar uma 
possível correlação entre a expressão do marcador CD25 
(na superfície de linfócitos CD4) e o controle dos mecanis-
mos de autotolerância. Essas pesquisas forneceram supor-
te para apresentação de uma revisão sobre o papel das cé-
lulas que expressam os receptores de IL-2, IL-10, HLA-DR 
e CTLA-4 no monitoramento da imunossupressão, em 
doenças de classificação autoimune, abrindo perspectivas 
para o entendimento dos mecanismos de regulação peri-
férica e sobre a fisiopatologia dessas doenças no ser huma-
no. Além disso, é discutida como perspectiva uma aborda-
gem terapêutica fundamentada na manipulação do 
fenótipo dessas células, bem como de modos de monito-
ramento cintilográfico das manifestações dessas doenças, 
por meio da marcação de seus receptores. Nestes, foram 
incluídas descrições das experiências em regulação ex-vivo 
de IL-10; de síntese de tioaçúcares e de poliaçúcares para 
produção de radiofármacos para monitoramento de infla-
mações. Essas experiências podem trazer benefícios na 
terapia e no prognóstico de doenças autoimunes. 

Palavras-chave: células Tregs, IL-10, autoimunidade, idio-
patias, cintilografia.
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